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PREF ACE 



The Pancasiddhdntikd of the sixth century astronomer Varahamihira is a major work on 
mathematical astronomy of early India. The work is particularly significant for the fact that, 
besides providing an insight into the level of contemporary development in the discipline, it forms 
also a resumĕ, though uneven, of five astronomical schools, to wit, the Ydsistha, Paitdmaha, Romaka, 
Paulisa and Saura, that were in v<%ue in India during the early centuries of the Christian era, but 
whose original texts have not came down to us and are lost on account of improved astronomical 
systems having been developed in course of time. 

There have appeared two earlier editions of this cryptic technical text, the first by G. Thibaut and 
Sudhakar Dvivedi (Banaras, 1889) and second by O. Neugebauer and D. Pingree (Copenhagen, 
1970-71). Butboth these editions have limitations and imperfections,even as their editors themselves 
have indicated in their Introductions to the said editions. The main difficulty in gaining a proper 
understanding, let alone producing a correct edition, of the Pancasiddhdntikd has been confounded 
on account of all the available manuscripts having descended from a single corrupt archetype. This 
aspect of the matter cannot be better expressed than in the words of G. Thibaut in the Preface (p.v.) 
to his edition of that work. He says : 



"Imperfect and fragmentary as (the) text and (the) translation are, we may 
assert, at any rate, that in our endeavours to overcome the quite unusual obs- 
tacles which the corrupt and bare text of the Pancasiddhantika opposes to the 
interpreter, we have spared no trouble. The time and thought devoted to the 
present volume would, I may say without exaggeration, have amply sufficed 
for the editing and explaining of twenty times the amount of text presendng 
only normal difficulties." 

Hence the need for a further attempt for a better edition and interpretation of this important text 
on early Indian astronomy. 

The present edition which is based on all the available manuscripts of the text and also external 
testimonia and which takes into consideration the work of interpretation attempted in the two pre- 
vious editions, presents as critical and readable a text as is possible on the basis of the above-said 
material. To this is added a literal translation with explanatory words added as necessary. This is 
followed by detailed explanatory notes in terms inclusive of modern mathematics, and adumbrated 
with tables and diagrams. Whenever computations are involved, illustrative examples are given 
and worked out. There again, most of the chapters are provided with explanatory introductions 
indicating the general contents and method of approach of the matter contained in the chapters. 

The above work has been a labour of love pursued by the late Prof. T.S. Kuppanna Sastry, for- 
merly Professor in the Sanskrit College, Madras. A scholar in Sanskrit, a student of modern 
mathematics and one fully conversant with Jyotissastra, Prof. Sastry was an ideal combination of 
Indian and Western schools of astronomy. And, as such, he was best htted for the task of expoun- 
ding a difficult text on Indian astronomy like the Pancasiddhdntikd. 
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When Prof . Sastry passed away in 1 982, he left behind his handwritten manuscnpt which ^was in 
different states of perfection. While the earlier chapters were in their final form, chapter XI\ had 
been left untouched and so also were verses 35 to 55 of chapter XVIII. The later chapters, portions 
of which had been issued in the form of articles, were in their rough drah f orm. 

The above-said material was placed in my hands by Dr. T.K. Balasubi amanian, Scientist, Bhabha 
Atomic Research Centre, Bombay, Prof. Sastry's son, with the suggestion that the sarne nught be 
duly processed and perfected and made pressworthy and placed before the world of scholars m 
printed form. As an academic associate of Prof . Sastry for nearly three decades, I accepted the chal- 
lenge and set to work on it without dela V . In this matter I had the cooperation of two eminent scho- 
lars in astronomy, Prof. K.S. Shukla of Lucknow and Shri. S. Hariharan of Bangalore. 

Work on Prof . Sastrv's manuscript was twotold . The llrst related to the perfection of the existing 
Translation and Notes and the supply of the same for the sections which were left out by Prot. 
Sastry Prof. Shukla translated Ch. XIV with notes and diagrams and Shri. Hanharan supphed the 
Translation and Notes for the verses left out in Ch. XVIII. While the above was done at Lucknow 
and Bangalore, respectively, in Madras, the end chapters were put in proper form. Alongside the 
entire manuscript, running to about 500 pages, was duly periected. This revtsion work included 
also such matters as the crosschecking of entries, supply of diacritical marks to Sansknt expressions, 
marking off of paragraphs, making the presentarion uniform, and several other alhed matters. I he 
manuscript, revised as above, had also to-be typed out and checked again. The large number of 
diagrams occurring in the work were also drawn to scale with the use of geometncal mstruments 
and added at appropriate places. 

The second task related to the critical editing of the textual verses. A draft press copy was pre- 
pared on the basis of the readings adopted by Prof. Sastry. Copies of all manuscnpts of Panca- 
siddhdntika available at different repositories were procured and collated with the draft press copy 
The text in the two printed editions and in the external testimonia, which had also been assembled, 
was collated similarly and the variants recorded. And, on the basis of the above, the flnal press copy 
of the critical text was prepared. Varied typography for the half a dozen different items of the edt- 
tion was also selected to set off the same distinctly in print. 

The resultant edition, provided with an Introduction and necessary Appendices including a Sub- 
ject Index, is now placed before scholars. It is to be hoped that this edition of Pancasiddtentika will 
contribute', in some measure, to the furtherance of the study and appraisal of early Indian 
mathematics and astronomy. 

The publication of this volume had been made possible by the generous contribution of friends 
and patrons of academic studies. The Birlas made a gra&ous donation of Rs. 20,000/- and E)r. 
T K. Balasubramanian, of Rs. 5,000/-. The Rashtriya Veda Vidya Pratishthan, New Delhi, has 
extended the major Hnancial assistance in the form of purchasing copies of the book amountmg 
to about rupees one lakh. The most profound thanks are due to the above named patrons for 
their kind gesture. Thanks are due to the Bhandarkar Oriental Research Institute, Popna, 
Oriental Institute, Baroda, and National Library, Calcutta, for their kmd cooperation 
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by supplying copies of the manuscripts of PancasiddhdntiM available w.th them. For the beaut.ful 
printing and nice g et-u P , thanks are due to Ms. Printer* Plates, one of the leadmg presses of Madras. 
The PPST Foundation, Madras, an organisation set up for the populansation of Indian saences, 
has kindly undertaken the responsibility for the distribution of this pubhcation. Last but not lcast, 
my graterul thanks are due to Prof. K.S. Shukla and Shri. S. Hariharan, who, bes.des makmg the.r 
personal contribution to the volume, had been available for reference and adv,ce at all stages of the 
work on the present edition of the Pancasiddhdntikd. 

Madra \ ,no* ».V. SARMA 

January 4, 1993 
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INTRODUCTION 



1. Introductory 

The Pancassiddhantika (PS) of Varahamihira (VM), (6th cent. A.D.), occupies an important place 
in the history of early Indian astronomy, for, herein we have been given certain aspects of five sys- 
tems of Indian astronomy current «luring the first centuries of the Christian era. The work supplies 
also considerable additional material on the astronomical concepts, computational methods and 
instruments used during the times of the author. VM makes mention of the objectives of the work 
towards its commencement: 

purudcdryamatebhyo yad yad srestham laghu sphutam bljam \ 
tat tad ihdvikalam aham rahasyam udyato vaktum \ \ 1. 1 1 1 
Paulisa-Romaka-Vfcistha-Saura-Paitdmahds tu panca siddhdntdh 1 1 2 1 1 

'Here, I shall state in full the best of the secret lore of astronomy extracted from the different 
schools of the ancient teachers so as to be easy and clear. 

'The five siddhdnta-s, of which this work is a compendium, are the Paulisa, the Romaka, the 
Vdsistha, the Saura and the Paitdmaha. 

Following the above statement, VM specifies also how he is intending to deal with the said five 
astronomical schools : 

yat tat param rahasyam bhavati matiryatra tantrakmdndm \ 
tad aham apahdya matsaram asmin vaksye graham bhdnoh j | 
dik-sthiti-vimara\i-karna-pramdna-veld grahdgrahdv indoh \ 
tdrdgrahasamyogam desdntarasddhanam cd 'smin \ \ 
samamandala-candrodaya-yantra-cchedydni sdnkavacchdyd | 
upakaranddy aksajyd-'valambakd-' pakramddyani \ \ 1.5-7 || 

'I shall tell in this work, avoiding all jealousy, the computation of the solar eclipse which is 
guarded as a great secret and in which the mind of the astronomer reels. I shall also tell the occurr- 
ence or non-occurrence of the lunar eclipse, the directions of the first and last contacts, the dura- 
tion, the total phase, the 'hypotenuse' at any moment with related quantity of obscuration and time, 
and also the mutual conjunctions of the stars and the planets and the computation of difference in 
longitude as also the prime vertical, moonrise, astronomical instruments and other requirements, 
graphical representations, the gnomonic shadow, the sines of latitude, co-latitude and declinations 
and such other matters.' 

While the importance of the work in the reconstruction of early Indian astronomy would be 
apparent from the above statement, the paucity of reliable manuscripts of the work makes the pre- 
paration of a correct edition of the work a formidable task, affecting, in its turn, a proper under- 
standing, translation and interpretation of the work. The gravity of the problem could be gauged 
from what G. Thibaut has stated in the Preface to the first edition of the work (TS), issued in 1 889. 
He says: __ 

1. The PancasiMhardika, the astronomical work of Varaha Mihira. The Text edited with an original commentary in 
Sanskrit and an English translation, by G. Thibaut and Mm Sudhakara Dvivedi, Leipzig : Varanasi, 1889; Rep. Lahore, 
1930; Rep. Yaranosi, 1968. (Page rejerences made are to this reprint.) 
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"There is some reason to fear that the feeling of any one who may examine in detail this edi- 
tion and translation of Varaha Mihira's astronomical work will, in thejlrst place, be wonder 
at the boldness of the editors. I am fully conscious that on the imperfect materials at our dis- 
posal an edition in the strict sense of the word cannot be based, and that what we are able to 
offer at present deserves no other name but that of a first attempt to give a general idea of the 
contents of the Pancasiddhantika. It would, in these circumstances, possibly have been wiser 
to delay an edition of the work until more correct Manuscripts have been discovered. Two 
considerations, however, in the end, influenced us no longer to keep back the results, how- 
ever imperfect, of our long continued endeavours to restore and elucidate the text of the 
Pancasiddhantika. In the first place, we were encouraged by the consideration that texts of 
purely mathematical or astronomical contents may, without great disadvantages, be submit- 
ted to a much rougher and bolder treatment than texts of other kinds. What interests us in 
these works is almost exclusively their matter, not either their general style or the particular 
words employed, and the peculiar nature of the subject often enables us to restore with nearly 
absolute certainty the general meaning of passages the single words of which are past 
trustworthy emendation. And, in the second place, we feel convinced that even from that part 
of the Pancasiddhantika which we are able to explain more is to be learned about the early his- 
tory of Sanskrit Astronomy than from any other work which has come down to our time." 
<p.v.). 

About the manuscript material available to him and the editorial criteria adopted by him Thibaut 
says in his Introduction to the edition: 

"The present edition of the Pancasiddhantika is founded on two Manuscripts, belonging to 
the Bombay Government. The text of the better one of those two Manuscripts is reproduced 
in the left hand columns of our edition, while the foot notes give all the more important different 
readings from the other Manuscript. A comparison of the traditional text with the emended 
one, as given in the right hand columns of the edition, will show that the former had, in many 
cases, to be treated with great liberty. Not unfrequently, the emended text is merely meant as 
an equivalent in sense of what we suppose Varaha Mihira to have aimed at expressing, while 
we attach no importance to the words actually employed in the emendation." (p.lx). 

The Pancasiddhantikd has again been edited recently by O. Naugebauer and D. Pingree, (NP) 2 . 
And Pingree too observes, on the state of the manuscript naterial: "The present edition of the 
Pancasiddhantika does not solve all the remaining problems connected with this text. We suspect 
that much will never be understood unless better manuscripts material becomes available." (Vol. I, 
Intro., p.19) 

It, however, so happens that during the hundred years that have passed by since the publication 
of its first edition in 1889 no 'really' new manuscript of the work has come to light. A few manus- 
cripts that have become available, 3 all go back to the two manuscripts used in the first edition, as 
shown by the commonality in them of omissions and corruptions which occur in the newly available 
manuscripts. 



2. The Pancasiddhant&a of Varahamihira. Pt. I. Text and Transladon by D. Pingree; Pt. II. Notes by O. Neugebauer, 
Cobenhavn, Munksgaard, 1970. 

3. For details, See below under 'Manuscript material'. 
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The edition of Pancasiddhantika which is now issued is also based on the manuscripts used for the 
two above-said editions. The question that would naturally arise here would be: Why then is the 
need for another edition when no new source material is to be had? The answer is threefold: 

i. First, it was felt that in reconstructing the text from the corrupt manuscripts, which alone are 
available, both TS and NP have subscribed to an editorial principle voiced by Thibaut when he says: 
" What, in the attempt to reconstitute the text of an astronomical or mathematical work, has chiefly 
to be kept in view, is of course to arrive at rules which are capable of being proved mathematically. 
This consideration has, in more than one place, led us to introduce changes even where such 
appeared hardly to be required by the external form of the traditional text." (Introduction, p.bu), 
And, this they have done to an extent which seems to be hardly justified in editing a classical text. 
Then again, such emendations are often inserted without specific indication, especially in the 
edited text of NP, with the result that the reader takes the emended text as the 'real' manuscnpt 
text. The translation and interpretations that follow are, primarily, based on the emended text and 
not on the 'real' text. In fact, an editorial principle which has to be applied with the utmost caution 
and in as limited a manner as possible, seems to have been used rather extensively. 

In the present edition oiPancasiddhdntika, the principle oisthitasya gatis cintaniya, 'justification of 
the extant reading should be thought of , has been primarily adhered to, alongside the correction 
of the copyisfs errors by visualising the psychology of the scribe who is illiterate with reference both 
to the language and the subject of the text. 'Real' emendations have been comparatryely small and 
far between. In all cases, however, when changes had to be made to the manuscripts readings, they 
have been specifically indicated by their being placed within curved brackets in the case of scnbal 
errors and in square brackets in the case of editorial supplementation. And, wheneyer there has 
been an emendation, the reasons for suggesting the emendation have been given m the Notes that 
follow each verse. 

ii. Secondly, in a number of places, TS nor NP do not seem to have caught the correct import 
of the text and this has affected their Translation and Notes. All these have been attempted to be 
rectified. In many places, the untenability of the TS and NP readings, translations and notes have 
also been pointed out. 

iii. Thirdly, and what is most important, special effort has been made to digest the textual verses 
fully, and offer, in the case of knotty places and apparently vague passages, detailed interpretations 
and elucidations, adumbrated with tables and illustrations. Moreover, a number of examples have 
also been worked out to illustrate the rules enunciated by Varahamihira. 

Under the circumstances, it is to be hoped that the present publication will form another step 
towards understanding and evaluating the principles and practices of early Indian astronomy. 

2. Source Material 

A-B. The available manuscripts of Pancasiddhdntika, of which five have been collated for prepar- 
ing the present edition, fall into two recensions which have been designated as A and B. Common 
corruptions and omissions indicate that even these two recensions go back to a common original 
which too should have been far from perfect in the matter of accuracy. The technical nature of the 
work, brizzling with unusual terminology, have made the scribes commit all types of imaginable 
errors except in the case of well-known words and expressions. These errors include, as a reference 
to the footnotes recorded in the edition would show, wrong spellings, erratic sandhi-s and splitting 
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of words, omission of vowel signs, verses made to stop short in the middle or to run into another, 
numbering of verses in the wrong places and so on. In several cases some of these corruptions are 
common to all the manuscripts, confirming that these errors have to be traced back to a common 
archetype of both the recensions. 

The said five manuscripts have been designated Al, A2 and Bl, B2, B3, according to the two 
recensions and relative reliability of the manuscripts. All the manuscripts are in paper, written in 
Devanagari script. 

Aj. Ms. No. 338/1879-80 of the Bhandarkar Oriental Research Institute, Pune, described in A 
Catalogue of Collections qf Mss. deposited in the Deccan College by S.R. Bhandarkar (Bombay, 1888), p. 
143. It has 22 folios with 1 1 lines per page. It is complete and has been copied at Stambhatlrtha 
(modern Cambay in Gujarat) in Sam. 1673, Saka 1538 (AD. 1616), by&ahkarasonofGovinda. This 
manuscript is the 'better of the two manuscripts' used in the TS. edition of the PS. The manuscript 
is far from perfect and exhibits numerous scribal errors and some transpositions, but it is definitely 
better than the B manuscripts. 

Ag. Ms. No. 49, currently preserved in the National Library, Calcutta, but it originally belonged 
to the erstwhile Imperial Library, Calcutta. It is in 24 folios with 9 lines a page. It is incomplete and 
extends to a portion of XVIII. 90 d. The writing is very readable but is very much error-ridden. The 
readings are closely associated to A r 

Pingree suspects that it "agrees almost entirely with A (our A,) of which it is most probably a 
copy." (see his edition of PS, Introduction, p. 20). This cannot be a copy of A r for the reason that 
there occur differences between the two, for which see I. 3c, 7d, lOa, 12a and a number of other 
contexts. 

Pingree doubts also that A 2 is "perhaps the copy utilized by Thibaut and Dvivedin" (Introduc- 
tion, p.20). This goes against Thibaut's statement that his "edition of PS is founded on two Manus- 
cripts belonging to the Bombay Government" (T's Introduction, p. LX). It is also to be noted that 
while A, is complete, A 2 is incomplete. It is again to be noted that minor over-writings and correc- 
tions above the lines occur in A 2 at several places obviously having been added by a modern user of 
the manuscript. These latter, being modern, have not been noted as variants in the footnotes to the 
present edition. 

B,. Ms. No. 37/1874-75 of the Bhandarkar Ori. Res. Inst., Pune, described mA Catalogue of Col- 
lections of Mss. deposited in the Deccan College (Bombay , 1 888) . Copied in modern "Universal foolscap" 
paper, with a title page in Devanagari reading "number 37-Satra 1872 [A.D.] Pancasiddhantika, 
patrani 49-15-1930", it is in 49 pages, with 15 to 17 lines a page. This is the second of the two man- 
uscripts used by TS, from which they have documented only some of the variants, as recorded in 
the footnotes of their edition. 

Pingree states (Intro., p.20), that in the edition he has documented only those variants recorded 
by TS in their footnotes. In the present edition, however, the manuscript has been fully collated 
and all the variants therein recorded. This manuscript carries, through its entire length, correc- 
tions, obviously made by Thibaut. 

B 2 . Ms. No. 64 of the National Library, Calcutta. Itcontains 108 pages numbered 7 to 1 14, andis 
incomplete, commencing only from 1.22, the previous verses having been written on the folios 1-6, 
now lost. The manuscript is shapely and the writing readable, but the matter contained is extremely 
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corrupt. The numbering of the verses is also erratic. Several verses are broken in their middle and 
verse numbers are interposed. At times the last line of a verse is continued with the beginning let- 
ters of the next verse, entailing at times, the beginnings and ends being half-words. (see III. 1 and 
2). The manuscript seems to be the handiwork of a good-handed scribe from a highly corrupt orig- 
inal. Corrections by a modern hand in lighter ink is seen at places. 

Pingree suspects that "this manuScript seems to be a copy of B - perhaps that used by Thibaut 
and Dvivedin." (Introduction, p.20). 

B,. Ms. No. 7165 of the Oriental Institute, Baroda. This manuscript in 33 folios contains the 
complete work. A post-colophonic statement says that it was copied in Sarh,. 1928/saka 1793 (A.D. 
1 872) by Uttamarama Durlabharama, a resident of Amadavada (Ahmedabad). The writing is read- 
able but corrupt readings persist. Verse numbers are written for the first chapter, but not for the 
later chapters. Numbers expressed in the verses are written also in digits in many places. 

A few more manuscripts of Pancasiddhdntikd are known to exist (or to have existed) but could not 
be used for the present edition. They are : 

1. Ms. No. 288 of the Bombay University. This is at present missing in the Library. Pingree has 
used this manuscript. In 32 folios it contains the full text of PS. It was copied in Sam. 1928, corres- 
ponding to AD. 1871, by Nathurama Parika. 

2. Ms. No. 6288 of the India Office, London, (Buhler 268) describedin theACatalogueoJSkt. and 
Pkt. Mss. in the India Office Library, vol. II by A.B. Keith. This is a copy of our Ms. A,,copied in Sam 
1936, Saka 1802 (A.D. 1879). We have not used it nor has Pingree. 

About still other manuscripts, Pingree states : "Besides these seven manuscripts, there existed in 
1890 the manuscript belonging to J.B. Modak of Thana which was copied from B (our B,), and we 
know of a manuscript (no. 6674) of the Pancasiddhantika in the Anandasrama in Poona. The man- , 
uscripts, recorded as the property of Sjt. Pushpachandra Sarma Daloi of Helach in Assam and of 
the Arsha Library in Vijayanagara (no. 506), probably contain the Bhdsvatl of Satananda, which is 
sometimes confused with our text." (Introduction, p. 21). 

C. The emended text of Thibaut-Sudhakara Dvivedi, as printed in the right hand columns of 
their edition. On this Thibaut says (Introduction, pp. lx-lxi): 

"The present edition of the Pancasiddhantika is founded on two manuscripts belonging to 
the Bombay Government. The text of the better one of these two Manuscripts is reproduced 
in the left hand columns of our edition, while the foot notes give all the more important diffe- 
rent readings from the other Manuscript... the emended one as given in the right hand col- 
umns of the ĕdition. 

"What, in the attempt to reconstruct the text of an astronomical or mathematical work, has 
chiefly to be kept in view, is of course, to arrive at rules which are capable of being proved 
mathematically. This consideration has, in more than one place, led us to introduce changes 
even where such appeared hardly to be required by the external form of the traditional text." 

Notwithstanding the wild emendations which Thibaut-Sudhakar Dvivedi have made, at times, 
their emended readings have been recorded as C in the footnotes of the present edition. 

D. The edition, Translation and Notes of TS by O. Neugebauer and D. Pingree, (2 vols., 
Kopenhagen, 1970). Pingree edits and translates the PS, while Neugebauer offers the Notes. AU 
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our manuscripts are used in this edition too. Herein occur a number of emendations which are 
sometimes put within brackets, but sometimes without brackets. Often the emendations are wilder 
than those of Thibaut-Sudhakar Dvivedi. 

E. External testimonia. About 125 Pancasiddhantikd verses have been identified as quoted in 
later texts, the largest number thereof, 1 17 being in the commentary of Utpala of Kashmir (A.D. 
966) on the Brhatsamhita of Varahamihira. Other authors who quote from the PS are Prthudaka- 
svamin (A.D. 854), Makkibhatta (14th cent.), Paramesvara of Kerala (1360-1460), Nllakantha 
Somayaji, (b. 1443), again of Kerala, and Suryadevayajvan (b. 1 191) of Tamilnadu, in South India. 
These PS quotations are taken as External Testimonia and the variants fonnd in such readings 
have been noticed in the footnotes with 'E' prefixed to the abbreviations pf authors/works which 
quote the verses. These sources are ; 

E, Jy. Jyotirmim&msa of Nllakandia Somayaji. 
E.M. Makkibha{ta's Com. on the Siddhdntasĕkhara of Sripati, 
E.N. Nilakantha Somayaji's Bhasya on the Aryabhatiya. 
E.Pa. Parame§vara's com. on the Aryabhatiya. 

E.Pr. Prthudakasvamin's com. on the Brahmasphutasiddhdnta of Brahmagupta, 

E.S. Suryadevayajvan's com. on the Aryabhatiya. 

E.U. Utpala's com. on the Brhatsaihhitd of Varahamihira. 

Pingree has adopted this method of referring to external testimonia, and we have followed him 
in the matter. In fact, we have been much benefitted by his identifications and our labour relates 
only to texts which have not been noticed by him. 

On the provenance of PS, Pingree states that : 

"So far there is no indisputable evidence that the Pancasiddhantika was known outside of 
an area roughly corresponding to the modern states of Madhya Pradesh, Gujarat, Rajasthan, 
the Punjab, Kashmir, and West Pakistan. 

"However, some verses from the text are quoted by fifteenth century Kerala astronomers 
of the drgganita school in their commentaries on the Aryabhatlya. Thus Paramesvara (c. 
1380-1460) cites a verse, and Nilakantha (b. 1443) several others. Itis noteworthy that all four 
verses that they quote are also found in Utpala's commentary on the Brhatsrhhita, which was 
known in Kerala; it is not proved, then that they had a copy of the Pancasiddhantika." (Intro- 
duction p. 17). 

Pingree's assertion as above is not correct for the reason that Kerala and South Indian astronam- 
ers quote not only the said four verses occurring in Utpala's commentary, but five more PS verses 
which do not occur in Utpala's commentary, they being PS, 1.3, 4 by Nllakantha in his Jyotir- 
mimdmsd, the verses sankhya tu tesam and^on^i atah prati again by Nilakantha in his Aryabhatiya-bhasya 
IV. 10 and PS XIII.36 by Suryadevayajvan in his Aryabhatiyavydkhyd. (See below App. II: Index of 
PS verses quoted by later astronomers). This would mean that PS should have been prevalent in 
South India also. 

Recording of Variant readings 

Textual variants recorded in footnotes in thepresent edition are restricted to be above-said mate- 
rial listed under A, B, C, D and E. Some of the PS verses have, indeed been studied by scholars 
but emendations and variants occurring in these studies have not been recorded here mainly for the 
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reason that they have mostly been documented by Pingree in his edition of the PS and so can be 
referred to there^rom. 1 

3. Presentation of the Text 

While the generally accepted conventions of critical editing of Indic texts are duly followed in the 
present edition, attention might be drawn to certain methodologies which are stressed herein, in 
view of the technical nature of the text, the defective nature of the manuscripts and the tentative- 
ness of many of the emendations and textual changes effected in the two earlier editions. 

i. On account of the inadea^uacies of the copyists 01 the parent manuscripts and also due to 
ueliciĕhcies in the parent manuscripts themselves, some emendations have to be done in the edited 
text. However special care has been taken in this edition to indicate such emendations by placing 
them within curved brackets; square brackets are used to enclose fillings of apparent omissions or 
newly suggested readings. Doubtful suggestions are marked by an interrogation mark. 



1 . Studies mentioned in this tbotnote have mostly been identified by Pingree and on pages 1 8- 1 9 of his edition of PS and 
variants. 

i. G. Thibaut, 'Notes from Varaha Mihira's Pancasiddhantika',//. oj Asiatic Society oJBengal, 53 (1884) 259-93. 

ii. S.B. Dikshit, 'The Original Surya-siddhanta', Indian Antiguary, 19 (1890) 45-54. 

iii. S.B. Dikshit, 'The Romaka Siddhanta', Indian Antiquary, 19 (1890), 133-42. 

iv. S.B. Dikshit, 'The Pancasiddhantika', Indian Antiquary, 19 (1890) 439-40. 

v. J. Burgess, 'The Romaka Siddhanta', Indian Antiquary, 19 (1890) 284-85. 

vi. J. Burgess, 'The sines and arcs in the Pancasiddhantika', Indian Antiauary, 20 (1891) 228. 

vii. M.P. Kharegat, 'On the interpretation of certain passages in the Pancha Siddhantika of Varahamihira, an old his- 
torical work'//. oj the Bombay Branch of the Royal Asiatic Society , 19(1895-97) 109-41. 

viii. K.S. Shukla, 'On three stanzas from Pancasiddhantika,' Ganita, 5 (1954) 129-36. 
T.S. Kuppanna Sastri 

ix. 'The Vasistha Sun and Moon in Varahamihira's Pancasiddhantika', //. of Or. Research, Madras, 25 (1955-56) 
19-41. 

x. 'Some misinterpretations and omissions in Thibaut and Sudhakara Dvivedi in the PS of VM', Vi$hvĕshvaranand 
Indological Joumal, 1 1 (1973) 107-18. 

xi. 'The epoch of the Romaka Siddhanta in the PS and the epoch longttudes of the Sun and Moon the Vas»tha 
Siddhanta', Tnrf»an //. oJHist. oJScience, 13 (1978) 151-58. 

xii. 'The Vasistha-Paulisa Venus in the PS of VM', Collected Papers oJT.S. Knppanna Sastry, Tirupati, 1989, pp. 141-47. 

xiii. 'The Vasistha-Pauli£a Jupiter and Saturn in the PS\ CoUected Papers, pp. 148-68. 

xiv. 'The yasistha-Paulis^a Mars in the PS of VM', CoUected Papers, pp. 169-87. 

xv. The epoch-constants of the Vasistha-Pauliia star-planets', CoUeded Pupers, pp. 20 1-5. 

xvi. 'Saurasiddhanta of PS : Planetary comtants and cnmputation', CoUected Papen, pp. 206-40. 

xvii. 'Pancasiddhantika XVIII. 68-81 : An interpolation', ColUcted Papers, pp. 241-54. 
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ii. Thibaut and Dvivedi who print their emended text in the right hand column of their edition 
do not specifically indicate their emendations and one has to identify the emendations oneself. Pin- 
gree indicates his emendations in many places by angular brackets but in many other places prints 
the emended text without any indication. In the present edition, all their emendations are iden- 
tified and noticed in the footnotes denoting them by the sigla C and D. When these emendations 
are accepted in the present edition also, they are not separately marked as above. This procedure 
is expected to enable the comparison between the emendations of TS and NP and those made in 
this edition and evaluate the merit and appropriateness between the two. In fact, it is felt that many 
<>f the emendatiom of TS and NP, especially of the latter, are often far-fetch"ed, ungrammatical, 
offending the metre or failing to give a cogent sense. See, for example, the TS/NP emendations in 
1.23; IX.5; X1.2, 4, 5; XII.5a, 5d; XIII.38d, 41d: XVII. 1, 12; XVIII.2d, 3, 19, 24, 25. 

iii. In order that a discerning student of the text shall have before him, in full, what occurs in the 
several manuscripts, an attempt has been made to record all variants, right or wrong. This has been 
done for three reasons : (a) Correct forms of corrupt passages can be visualized only if all the rea- 
dings, as found in the manuscripts, are before one's eyes; (b) Then alone would it be possible for 
an editor to vindicate the emendations suggested by him; (c) The corrupt and apparently meaning- 
less readings in the manuscripts which the editor could not correct or has wrongly emended can be 
corrected or better emendations suggested by other scholars if all the variants are given. 

However, obvious errors of a purely scribal nature, like separate words written jointly, using 
anusvdra for anundsika and vice versa, using double consonants for single consonants and vice 
versa, giving the benefit of doubt for a letter that could be read rightly or wrongly, have been cor- 
rected silendy and not noticed in the footnotes. 

4. Translation 

The translation provided in the edition is as literal as possible without sacrificing readability and 
not going against the English idiom. Elucidatory expressions and words which are understood in 
the context are added within brackets, the ultimate aim being to make the matter dealt with clear 
and fully understood. Topical headings have been provided to verses or groups of verses with the 
same objective, again, towards the above-said objective. 

5. Notes 

The notes added are generally detailed and self-contained. There again, they seek to elucidate 
the verses and the underlying ideas, primarily from the Indian standpoint. Tables and geometrical 
diagrams are provided wherever warranted. Quite often, the need for the emendations suggested 
in the text is explained. The emendations made by TS and NP are also examined and observations 
offered. An aspect of the Notes which deserves special mention is the addition of self-suggested 
mathematical or astronomical problems and working them out according to methods enunciated 
in the verses, and also by employing modern methods. Introductions are prefixed for several chap- 
ters, towards setting out the significance of the contents of the respective chapters. 

6. Division of Pancasiddhantika 

The colophons of the several Sections of PS, as found in the manuscripts, which all go back to a 
defective archetype, are uneven. Some of the colophons merely mention the topic treated in the 
respective sections but some others designate the sections as adhydya-s (chapters) and also indicate 
the numbers thereof. The several colophons read : 
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1. Karanavatarah 

2. Naksatradicchedah 

3. Iti Paulisasiddhantah 

4. Iti Karanadhyayas caturthah 

5. Iti Sasidarsanam 

6. Candragrahane sasthodhyayah 

7. Paulisasiddhante ravigrahanam 

8. Iti Romakasiddhante 'rkagrahanam astamo 'dhyayah 

9. Iti Suryasiddhante 'rkagrahanam navamo 'dhyayah 

10. Candragrahanam dasamo 'dhyayah 

1 1 . A(nu)varnanam ekadaso 'dhyayah 

12. Iti Paitamahasiddhante dvadaso 'dhyayah 

13. Trailokyadarsanam nama trayodaso 'dhyayah 

14. Iti Chedyakayantrani caturdaso 'dhyayah 

15. Jyotisopanisat pancadaso 'dhyayah 

16. Suryasiddhante madhyagatih 

17. Taragrahasphutikaranam sodaso (? saptadaso) 'dhyayah 

18. Paulisasiddhante taragrahah 

However, whether there be full chapter headings and chapter numbers or there be only the men- 
tion of the topics in the colophons, the commencement of a new subject helps to ascertain the 
beginnings of the chapters. The omission of the speciHcation of the chapter headings and numbers 
has to be ascribed to the imperfections in the original archetype. 

This helps us to correct Pingree's edition where Chs. XVI and XVII are taken as a single chapter, 
which he numbers as XVI. Now, after eleven verses, here, there occurs the colophon 'Suryasid- 
dhante madhyagatiK, which is the subject of those eleven verses. After still another fourteen verses 
occurs in the colophon Tdrdgrahasphutikaranam sodaso 'dhydyah', and an entirely different subject is 
treated in those fourteen verses. Ignoring the radical difference in the subjects dealt with in the two 
sets of verses and the colophon after the first set of verses and guided merely by the colophon at 
the end of the second set of verses, Pingree combines the two sets of verses, 1 1 plus 14 - 25, to con- 
stitute ch. XVI and takes ch. XVIII of TS and of the present edition as ch. XVII. 

7. Chapter XVIII of Pancasiddhantika 

The theme of Ch. XVIII is the heliacal rising and setting of the star-planets according to the 
Vasistha and Paulisa schools. Venus, Jupiter, Saturn, Mars and Mercury are treated, in that order, 
in verses 1-56, and certain allied matters in verses 57-60. In verse 61 the author states that he, Var- 
ahamihira, haiUng from Avanti, has composed the PS for the benefit of students. In the next verse, 
62, he asks astronomers dissatisfied with Pradyumna and Vijayanandi, to resort to his work. Havmg 
thus completed his treatise, couched entirely in the Arya metre, following a conventiori, adopted by 
Sanskrit writers, of concluding works by a closing colophonic verse couched in a different metre, 
VM breaks into a different metre, the Vasantatilaka, for the purpose : 



dvantyakah samdsac chisyahitdrtham sphutdnkasamam 
cakre Vardhamihiras tdrdgrahakdrikdtantram || 61 || 
Pradyumna-bhumitanaye jive saure 'tha Vijayanandikrte 
budhe ca bhagnotsdhah sphutam idam karanam bhajatdm \ | 62 
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drstam Varahamihirena sukhaprabodham \ 

" ii63ij 

1 

The manuscripts are defective here, omitting the next three lines of the concluding verse, some 
exhibiting also a gap. 

In continuation of the above, the manuscripts commence another short work with a mangala- 
sloka ('verse of salutation') and then a second verse expressing a pratijnd ('resolve') to compose a 
'better work' by 'Varahamihira himself.' 

prastdve 'pi na dosdnjdnann api vakti yah paroksasya \ 

prathayati gunams ca tasmai sujandya namah parahitaya \ \ 

astddasabhir baddhdny d tdrdgraham etad drydbhih \ 
varam iti Vardhamihiro^ daddti nirmatsarah karanam \ \ 

These verses end abruptly without any closing colophonic verse, as might be expected. 

Not taking into consideration the fact that VM had closed the PS most /ortnally with all attendant 
paraphernalia, with verse 63, both TS and NP treat this short work, as the concluding part of Pan- 
casiddhdntikd and as a work of Vardhamihira himsel/, and translate it and explain it as such. It is not 
noticed by TS and NP that computation according to these verses can give only rough results since 
the equation of the centre has been dispensed with, which makes them valueless. Further, there are 
mistakes in the computation of Venus and Mercury, which one cannot expect to be committed by 
VM. 

The prose colophon 'Paulisasiddhante taragrahah evam' ('Thus the star-planets of the 
Paulisasiddhanta') does not have any reality behind it since the computations therefrom do not 
accord with those of the Pauiisasiddhanta elucidated earlier. These points have been discussed in 
detail in the Notes, below, to these verses. Obviously, these verses are apocryphal and are the handi- 
work of an inferior astronomer who has ascribed them to VM. For this reason, in the present edi- 
tion, Parkasiddhdntikd is formally closed with verse 63 and the verses following given asa praksepa 
(interpolation) by someone else who has moreover blacked out in the original archetype the three 
lines in verse 63, being the concluding verse of PS. 

8. The Five Siddhantas in PS : Their Distribution 

It had been mentioned earlier that VM's treatment of the five siddhantas in the PS are uneven. 
It is not that each Siddhanta is taken up one by one and a rĕsumĕ of the same given fully or sys- 
tematically. Select topics are taken up, apparently arbitrarily, and are dealt with indiYidually or 
jointly when the enunciations of two schools are similar. Alongside, chapters are devoted also to 
general astronomical topics which are applicable to all the schools. The assortment of the treatment 
of the subjects in the several chapters are as indicated below. 



9. Content Analysis of the Pancasiddhantika 

Ch.1. 1-7 General Introduction 

8-10 Romaka Days from epoch (Ahargana) 

11-13 Paulisa Daysfromepoch(AAflrganaj 

14-16 Saura-Romaka Yuga of Sun and Moon, Lords of the year, 

month, and hora. 
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Ch.I. 17-25 Romaka Lordsof thedaysofthemonth 

Ch.II 1-13 Vasistha 

1 " True Sun (Ravi-sphuja) 

2-6 " True Moon (Candra-sphuia) 

7 " Naksatracomputation 

7 " Tithicomputation 

g " Day-time (Aharmana) 

g_10 " Gnomonk shadow (Sankucchaya) 

11-13 " Lagna 

Ch.III 1-37 Paulisa 

1_3 " True Sun (Ravi-sphuta) 

4 " True motion of Moon (Candragati) 

5 '[ Equationofthecentre(Mandaphala) 
g_9 " Sense obscure 

10 " Cara 

1 1 . 1 2 " Day-time (Aharmana) 

13-14 " Desantara 

15 " Localtime(Istadesakala) 

16 " Naksatra computation 

17 " Sun's daily motion (Ravi-gati) 
18-19 " Karana-s 

20-22 " Vyat!pataandVaidhrti 

23-24 " $adaslti-kala 

25 " Solstices (Ayana) 

26 " Sankranti-kala 

27 " Tridinasprk-yoga 
28-29 " Rahu (Node) 

30-31 " Moon's!atitude(Candra-viksepa) 

32 " Bhadravisnu,defectin 

33 " Padaditya,defectin 
34.35 " Romaka,defectin 

36-37 General Astronomy,importanceof 



Problems of Time, Space and Directior 

(Triprasna) 

TableofRsines(Jy§h) 

Declination of Sun and Moon (Kranti) 

Gnomonic shadow and derivatives 

(sankucchaya) 

Sine colatitude andDay-diameter 
(Lambajya and Dmamana) 
Cara and derivatives 



Ch.IV 1-58 General 



1-15 
16-18 
19-22 

23-25 

9fi-9R 
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Ch.IV. 29-30 

31-34 
35-36 
37-38 
39-40 
41-49 

50-51 
52-54 
55-58 



Ch.Vl-10 
Ch.VIl-14 

Ch.VII 1-6 

Ch. VIII 1-18 

Ch.IX 1-27 

Ch.X 1-7 

Ch.XIl-6 

Ch.XII 1-6 
1-2 
3-4 
4 

5 

Ch.XIII 1-42 
Ch.XIVl-41 

Ch.XV 1-29 

Ch.XVIl-ll 
1-9 
10-11 



Paulisa 

Vasistha and 
Paulisa 

Paulisa 

Romaka 

Saura 

Saura 

General 

Paitamaha 

n 



General 



General 



General 

Saura 
ii 



Rt. ascensional difference 
(Lankodaya-rasimana) 
Rising of signs (Rasyudaya) 
Gnomonic shadow (Sankucchaya) 
Astronomer's qualifications 
Sine amplitude (Agra) 
Gnomonic shadow at required time 
(Istacchaya) 

Moon's shadow (Candracchaya) 
Directions from shadow (Diksadhana) 
Sun from gnomonic shadow 
(chayatah ravih) 

Moon's horns (Candra^rngonnati) 
Lunar eclipse (Candragrahanam) 



Solar eclipse (Ravi-grahana) 
Solar Eclipse (Ravi-grahana) 
Solar eclipse (Ravi-grahana) 
Lunar eclipse (Candra-grahana) 
Eclipsediagram (Grahanaparilekha) 



Days from epoch (Ahargana) 
Tithi, Naksatra etc. 
Vyatlpata 

Day-time (Aharmana) 

Situation of ther worlds 
(Trailokyasamsthanam) 

Astronomical instruments 
(Chedyaka-yantrani) 

Jyotisopanisat 

Mean planets 

Mean planets (Graha-madhya) 
Bija correction by VM 
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Ch. XVII. 1-14 Saura Trueplanets 

1 . 1 la " True planets (Graha-sphuta) 

Hb " Retrogrademotion(Vakragau) 

12 " Heliacalrising(Grariastodaya) 

13- 14 " Planetarylatitudes(Graha-viksepa) 

Ch.XVIIIl-60 Vasistha-Paulisa Heliacalrisingandsettingof planets 

(Grahastodaya) 

1-5 " Venus(Sukra) 

6_13 " Jupiter (Guru) 

14- 20 " Saturn (Sani) 
21-35 " Mars(Kuja) 
36-56 " Mercury(Budha) 
57-60 " Hints 

61-63 General ConclusionofPS 

64-81 Spurious 

Supplement Trueplanets 

64-66 " Introduction 

67-69 " True Mars 

70-72 " True Mercury 

73-75 " Truejupiter 

76-78 " TrueVenus 

79-81 " TrueSaturn 



10. Depiction of the Siddhantas in PS 

The above Content Analysis of the PS would enable the idennrication of the extent of selective depiction 
of the different siddhantas by VM in the work, as shown below. 

PAULISA-SIDDHANTA 

Ahargana 
Naksatra 
Mandaphala 
Ravigati 
Raviphuta 
Candra-sphuta 
Ayana 
Sankranti 
Tridinasprkyoga 
Desantara 
Cara 

Aharmana 
Istadesakala 
Karana 
Vyatipata 
Vaidhrti 





Sadasitikala 


111.23-24 


1.11-13 


Candra-viksepa 


111.30-31 


Rahu 


111.28-29 


111.16 


Candra-grahana 


VI.1-14 


III.5 
III. 17 
III.1-3 
III.4 


Ravi-grahana 


VII. 1-6 


Candrasrngonnati 


V.l-10 


Grahastodaya 


XVIII. 1-60 


111.25 






111.26 


ROMAKA-SIDDHANTA 




111.27 




111.13-14 


Ahargana 


1.8-10 


III. 10 


Yuga 


1.14-16 


III. 11-12 


Lordoftheyear 


1.17-18,21 


111.15 


Lord of the month 


1.19,21 


III. 18-19 


Lordof the Hora 


1.20,21 


111.20-22 


Lordofthe Days 


1.23-25 


III.20-22 


Ravi-grahana 


VIII.1-18 
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SAURA-SIDDHANTA 

Yuga 

Lordof the year 

Lord of the month 

Lord of the Hora 

Graha-madhya 

Graha-sphuta 

Graha-viksepa 

Candra-grahana 

Ravi-grahana 

Grahastodaya 

vasistha-siddhAnta 

Ravi-sphuta 



1.14-16 
1-17-18,21 
1.19,21 
1.20,21 

XVI. 1-11 

XVII. 1-11 
XVII.13-14 
X.l-7 

IX. 1-27 
XVII.11-12 



II. 1 



Candra-sphuta 

Naksatra 

Tithi 

Aharmana 

Sankucchaya 

Lagna 

Candra-grahana 
Grahastodaya 

PAITAMAHA-SIDDHANTA 

Ahargana 

Naksatra 

Tithi 

Vyatipata 

Aharmana 



IL2-6 

II.7 

II.7 

IL8 

11.9-10 

H.ll-13 

VI.1-14 

XVIII. 1-60 



XII. 1-2 

XII.3 

XII.3 

XIL4 

XIL5 



With regard to the Chapters and verses not included in the above table, some, Hke chapters XI 
to XV, and several verses, are of a general nature, applicable to all the siddhantas and in the case 
of the others it is difficult to identify positively the siddhantas to which they pertain. 

11. Comparative Study of the Siddhantas 

It can be seen from the above Table that several of the topics selected by VM from the different 
siddhantas for depiaion in the PS are common. This should enable a comparative study of the 
common topics, the more important of which are noticed in the Table below. 

In this connection it is necessary to point out, an erroneous view current, to the effect, that the 
Pauliia siddhdnta is accurate, the Romaka is equally accurate, the Saura is still more accurate and that 
the Vasistha and Paitdmaha highly inaccurate. This view has been brought into vogue through two 
unwarranted emendations introduced by TS and NP into the text of the following verse in the PS: 

Paulisatithis sphuto 'sau tasydsannas tu Romaka-proktah \ 
spastatarah sauitrah parisesau diiravibhrastau \ \ PS. 1.4 

'The tithi resulting from Paulisa is tolerably accurate and that of the Romaka approximate 
to that. The tithi of the Saura is very accurate. But that of the remaining two (viz., the Vasisfha 
and the Paitamaha) have slipped far away (from the real).' 

Here VM speaks only about the tithi, (lunar day), as computed during his time according to the 
different siddhantas; He is not making a relative estimate ofthe siddhantas as sueh or in respect of 
the various other computations. As elucidated in the Note to this verse in the body of this book (p.5) : 

"The five Siddhdntas are compared here with reference to their tithi aUme because that is the 
chief of the five ahgas, viz. , tithi, vdra, naksatra, yoga and harana; that is most useful not only for 
religous purposes but also for civil purposes; that is independent of the origin of reference in 
the ediptic and can be examined for correctness by observation of eclipses and heliacal rising; 
and that b used in hnding the days from Epoch, thesineaua non of all astronomical computation. 

"This being the case, the change of tithi into krta by the late Dr. G. Thibaut and M.M. 
Sudhakara Dvivedi (TS for short), especially when the manuscripts read only tithi or titha, is 
unwarranted, to say the least. Doing this, they have condemned the Ydsistha Siddhdnta beyond 
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the author's intention and become blind to its merits and peculiarities, which otherwise they 
could have easily seen. Equally off the mark is the emendation of tttht mto stvatha by 
Neugebauer and Pingree (NP fcr short). See belew, Explanatory Notes, for the real reason 
for this 'slipping away fr®m the reaT." 
On this subject might be advantageiously refeired to the section «The place oi the Vasistha in the his- 
tory of Hindu astronomy' in T.S.K. Sastry's paper The Vasistha Sun and Moon m the/. o/Gr 
Research, Madras, 25 (1955-56) 19-41, reprinted in his Colltcted Papers on Jyotisa (Tirupati, 1989, 
pp.1-28) 



Table of Common topics 



Ahargana 

Paulisa 

Romaka 

Paitamaha 

Naksatra-Tithi 

Paulisa 
Vasistha 

Ravi-sphu(a 

Paulisa 
Vasistha 

Candra-sphuta 

Paulisa 
Vasistha 

Aharmana 

Paulisa 



1.11-13 

1.8-10 

XII.l-2 



111.16 
II.7 



III. 1-3 
II. 1 



III.4 
II.2-6 



IH.11-12 



Vasistha 
Paitamaha 

Vyatipata-Vaidhrti 

Paulisa 
Paitamaha 

Candra-grahana 

Vasistha-Paulisa 
Saura 

Ravi-grahana 

Paulisa 

Romaka 

Saura 

Grahastodaya 

Vasistha-Pauli^a 
Saura 



II.8 
XII5 



III.20-22 
XI 1.4 



VI.1-14 
X.l-7 



VII. 1-6 

VIII. 1-18 

IX. 1-27 



XVIII. 1-60 
XVII.11-12 



12. Varahamihira : His Iife and Works 

One of the foremost early Indian astronomer and astrologer, Varahamihira belongs to the sbcth 
century A.D. In tbe Pancasiddhdntika (1.8) he takes the cut-off date or epoch for computations using 
the Paulisa Siddhanta as Saka 427, which corresponds to A.D. 505. Since the practice in Indian 
astronomical manuals (Karana-grantha-s) is to take a contemporary date, as near to the composition 
of work, answering to certain specifications, as the cut-off date, it is reasonable to presume thatPS 
was composed some time after A.D. 505. Regarding his demise there is a statement by Amaraja in 
his commentary on Brahmagupta's Brdhmasphutasiddhdnta , which reads : navddhika-paHcasaihkhyd- 
sake Wardharmhirdcdryo dwam gatah."'ln saka 509 Varahamihira attained to the heavens.' This would 
mean that VM passed away in A.D. 587. This date is corroborated by VM's mention in PS XV. 10, 
of Aryabhata who composed his Aryabhatiya in A.D. 499, which work should have become well 
known by the time that VM composed his PS. 
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Personal details about VM are forthcoming from his own writings as also from those of others. 
Towards the close of his Brhajjdtaka, VM says: 

Adityaddsa-tanayas tadavaptabodhah 
Kdpittakah savitrlabdhavaraprasddah | 
Avantiko munimatdny avalokya samyag 
Hordm Vardhamihiro ruciram cakdra \ \ 
(Br.J. 26.1 (Edn. Triv. Skt. Ser., No.91) 

ThusVM was the son of Adityadasa; he learnt ihe sdstra from his own father; his native place was 
Kapitthaka; he was blessed by Lord Sun (at Kapitthaka). He (later) resided at Avanti (Ujjain) 
where he composed his worki/ora (Brhajjdtaka). On Kapitthaka VM's commentatorUtpala says : 
Kdpitthdkhye grdme yo 'sau bhagavdn sauitd suryah, tasmdt labdhah prdpto varah prasddo yena ('In the vil- 
lage of Kapittha where he received the blessing of God Sun'). Kapitthaka, the native village of VM, 
has been identitied by Ajay Mitra Shastri (vide his India as seen by Vardhamihira, (MLBD, Delhi, 
1969, p. 19) on the basis of the mention thereof by 7th century Chinese traveller Yuan Chwang with 
Kapittha populary known as "Sankasya (modern Sankisa) in the Parrukhabad district of Uttar 
Pradesh...." 

Utpala states in his commentary on VM's Brhatsamhitd (1.1) that VM was a 'Magadhadvija' : tad 
ayam apy Avantyakdcdryo Magadhadvija-Vardhamihimharkalabdhavaraprasddojyotis^ 
(Ed. Sarasvati Bhavana Granthamala, Varanasi, 1968, p.2). Utpala makes such a statement also in 
his commentary on VM's Yogaydtrd. This and the surname 'Mihira' which is borne by many Saka- 
dvipa brahmanas, who are worshippers of the Sun, would indicate that VM belonged to this clan 
of Brahmanas whose forefathers migrated to India from the Maga country in Persia and settled in 
the village of Kapitthaka whence VM came to the city of Ujjain where he wrote his works. 

By all accounts, Varahamihira had the Sun as his tutelary deity. To quote A.M. Shastri (op. cit., 
pp. 20-21): 

'That Varahamihira was a devotee of the Sun admits of no doubt. His father's name was 
Adityadasa, his own name-ending 'Mihira', derived from 'Mithra', the Iranian Sun-god, his 
obtaining a boon from the Sun, his obeisance to the Sun in all his works except the 
Vivahapatala, (which, appropriately enough, opens with an invocation to Kama, the Indian 
god of love), and his devoting a comparatively larger number of verses to the description of 
Surya icons, all indicate that the sun was his family deity. His son Prthuyasas also invokes the 
Sun in the opening verse of his SatpancMkd. As we have seen, Varahamihira was regarded as 
an incarnation of the Sun.' 

The fame of VM has given rise to several legends about his birth and incidents in his life, includ- 
ing his being a courtier of King Vikrama and one of the nine gems (nava-ratnas) in his court. All 
these have to be considered as more fable and eological, not based on facts. 

Varahamihira was an astute astronomer and astrologer and wrote extensively on all the three 
branches of the science, viz., Tantra or mathematical astronomy, Hord (Jataka) or horoscopy, and 
Samhitd or mundane or natural astrology. It is interesting that for all his major works. VM has 
prepared abridged versions also for the benefit of those who desist from works which are too 
lengthy, who, as Utpala says, are vistaragrantha-bhiru-s. 
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On Tantra the major work of VM is the Pancasiddhdntikd in eighteen chapters. It wouid seem 
from a statement of Utpala towards the beginning of his commentary on VM'sLaghujdtaka that VM 

had prepared on abridgement also of that work Cf. Varahamihira jyotissdstrasangraham krtod 

tadeva vistara-grantha-bhirunam krte' •sanksiptam ganitasdstram' krtvd hordsdstram vaktukdmah etc. 

On horoscopy VM has produced two works, the Brhajjdtaka, called also Hordsdstra in 26 chapters, 
and its abridged version, the Laghujdtaka, called also Svalpa-jdtaka and Suksmajdtaka, in thirteen 
chapters. 

On natural or mundane astrology also VM has two works, the Brhatsamhitd called also Vdrdhi- 
samhitd in 106 chapters and Samdsasamhitd, known also as Laghu-sarhhitd and Svalpa-samhitd known 
through quotations. These are works of an encyclopaedic nature, dealing with astrological and 
many other subjects of human interest, such as architecture and iconography, water divining, 
omens, cosmetics, horticulture, characteristics of animals, gemmology, weapons, species of men 
and women and their qualities and the like. A wide range of information on the geography of India 
and its people is also to be round in the Brhatsamhitd. Vatakanikd, which exists only in the form of 
quotations, is a work of VM on omens. 

On military astrology, three works of VM are available; (i) Mahaydtrd, known also as Brhadydtrd, 
Brhadyogaydtrd, Yaksyesvamedhikdh-yatrd (based in the commencing expression yaksye 'svamedhena 
vijitya in the second verse of the work), (ii) Svalpaydtrd or Tikanikdydtrd, and (iii) Yogaydtrd. 

On marital horoscopy, VM has written a work entitled Vivdhapatala, and according to Utpala, 
there is also a Svalpavivdhapatala (vide. his com. on Brhajjataka XX. 1 0). More than 30 more texts are 
mentioned, in manuscripts and elsewhere, to have been composed by VM (Cf. A.M. Shastri, op. cit., 
pp. 29-31) but these lack authenticity in their ascription. 

Alongside his wide range of scholarship, VM's writings are also characterised by chaste language, 
brevity and linguistic elegance. He is a master not only of expression but also of metre. In illustra- 
tion of his poetic talents one might refer to the iigures of speech expressed through verses XIX. 13-15 
of the Brhatsamhitd describing Agastyodaya, the rising of the star Agastya. In the same work, 
Brhatsamhitd, he utilises the entire chapter 104, containing 64 verses, the Gocarddhydya (Transits 
of planets'), to illustrate the metres, including the dandaka-s, alongside depicting the subject 
proper. It is also instructive that the names of the several metres are also deftly incorporated in the 
verses by means of slesa or double entandre. Utpala is not, perhaps off the mark when he says, towards 
the commencement of his commentary on Brhatsamhitd, extolling VM as an incarnation of the Sun : 

Yac castram savita cakara vipulam skandhatrayair jyautisam 
tasyocchittibhayat punah kaliyuge samsrjyayo bhutalam \ 
bhuyah svalpataram Vardhamihira-vydjena saruam vyadhdd 
ittham yam pravadanti moksakusalas tasmai namo bkasvate 

'The science of Jyautisa in its triple aspects (of Tantra, Jdtaka, and Samhitd) was propounded at 
length by God Sun. Fearing that it would be lost in the Kali age, God Sun incarnated in the world 
in the form of Varahamihira and expounded all (the said three aspects) again in shorter form. So 
say about the Sun those who are knowledgeable about salvation. Obeisance to that Sun.' 

Madras 

january4,199S K.V. SARMA 



PANCASIDDHANTIKA 



Chapter One 



INTRODUCTION OF THE WORK 



cMUIIcMK: 

*RcK ^5 ^ ^HI^H ^ ifttr; ||* || 
<ie|fe| l 4*4^ [^] c^^^H | 

<Wle&|(c|[g>]cra§ ^MUJglril || 3 || 

Aim of the Work 

1 -2. After saluting, at the outset, with great devotion, the various great sages 
like Surya, Vasistha, and others, and my father and teacher who taught me 
this sastra, I shall state in full the best of the secret lore of astronomy extracted 
from the different schools of the ancient teachers so as to be easy and clear. 



Mss used 

A,. BORI, Poona, Ms No. 338/1879-80; A 2 . 
National Library, Calcutta, Ms No. 49. B r 
BORI, Ms No. 37/1874-75; B 2 . Or. Inst., 
Baroda, Ms No. 7165; B 3 . National Library, Ms 
No. 64. C. Readings/Emendations in the edn. of 
PS by Thibaut-Sudhakara Dvivedi, Varanasi, 
1889; Rep. 1938, 1968. D. Readings/Emendations 
in the edition of PS by. Naugebauer - Pingree, 
Munksgaard, 1970. 

External Testimonia (E) 

Jy. PS Quotations in the Jyotirmimdmsa of 

Nilakantha Somayaji 
M. Quotations in Makkibhatta's Com. on the 

Siddhdntasekhara of&ripati 
N. Quotations in Nilakantha Somayaji's 

Com. on the Aryabhatiya 
Pa. Quotations in Paramesvara's Com. on 

the Aryabhatiya 



Pr. Quotations in Prthudaka's Com. on 

the Brdhmasphutasiddhdnta 
S. Quotations in Suryadevayajvan's Com. on 

the Aryabhatiya 
U . Quotations in Utpala's Com . on the 

Brhatsamhita. (BS). 
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In the second verse, the letter ka has been added to supply the one syllable wanung and m keeping 
with the sense. The Sun being the Atman of the Universe and also the chief of the grahas, all the gods 
and all the grahas are propitiated by His worship. By the ex P ression «yarious great sages the author 
means the eighteen primary authors of the Siddhdntas on astronomy, viz. Surya, Soma Pitamaha, 
Yasistha, Atri, Parasara, Kai yapa, Narada, Gargya, Marici, Manu, Angrras, Romasa, Pa-ukutsa, 
Cyavana, Yavana, Bhrgu and Saunaka and, by saluting these, the author salutes all anaent authors 
who follow these Siddhantas. 

q^zit IT^TSu* oqpgmfl cik^i ||3 II 

The Five Schools of Astronomy 

S The five Siddhdntas, of which this work is a compendium, are the Paulisa, 
the Romaka, the Vasistha, the Saura and the Paitamaha. Of these five, the tirst 
two, viz., the Paulisa and the Romaka have been commented upon by 
Latadeva. 

Of the Srddhdntas here mertioned, Brahma is the author of the Paitdmaha; Vasistha that of 
Ydsistha; Paulisa that of PauUsa; Romaka that of Romaka; and Surya, that of Saura. From a dialogue 
between Surya and Aruna, it can be learnt how these five Siddhdntas were given to their respectwe 
recipients. According to tradition, at the first instance, Brahma saw this lore of astronomy embedded ,n 
the Vedas and extracted it in the form of the Paitdmaha. He taught this to h.s son, Vas,stha at he 
behest of Visnu and again to Surya who was created with the ex P ress purpose of g,vmg ; Tirne to he 
Universe. Vasistha gave this lore to his son, Parasara who, ,n turn gave the ^asaraS^ddhan^ tothe 
sages One sage, Paulisa taught this to the sages Garga etc. and th,s ,s the Pauhsa Suldhanta. Surya 
himself being born among the Yavanas by the curse of Brahma, taught the saence ;o Romaka and 
Duryavana in the city of Romaka, and Romaka propounded it as the Romaka Siddhanta. Thus these 
Five Siddkantas are the most ancient. 

It is to be noted here that the f,ve Siddhdntas used by the author in his work are all different from 
works of the same name current at present and it seems they have been lost to us. The Paulisa 
used by the author is different from the Paulisa quoted by Bhattotpala in his commentary on the 
Brhatsamhitd which latter agrees with the Saura of our author and disagrees w,th h,s ™ 
Romaka and Yasutha now extant are different from those of VM, agreemg as they do w,th ^the _now 
well-known Surya Siddhdnta, (called by scholars as the 'Modern' or «W Surya Stddhanta to d,stin- 
guish it from tne ancient Saura Siddhdnta). The author's Saura does not agree with the Modern 
Surya SMhdnta, though one would expect agreement from the similarity ,n name, but ,t agrees w,th 
a work of the ancient^ryabhata, now lost to us, and called by h,s commentator Bhaskara I a the 
Ardhardtra-Paksa, which again is the basis of the Khanda-khddyaka-karana of Brahmagupta. As tor 

3. Quotedinthejyotirmimamsa(Jy) B1.2.«ftg; A1.2.*feg 

ofNilakantha,p.7. b. Al.^WWJ 

a A ,fe c. B1.2.^ 
* Bl^jy.^ Al.OTt;A2.rft;jy.^ 
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the Paitdmaha, there are several works now extant claiming Pitamaha or Brahma for their author. 
One is the Brahma Siddhdnta given by Brahma to Narada, which follows the 'Modern' Surya Siddhdnta 
in its constants. Another is the Pitamaha Siddhdnta, forming a part of Visnudharmottara, which has 
been taken by Brahmagupta as the basis of his Brdhma-Sphuta Siddhanta. A third one, now lost, is 
the basis of the Aryabhatlya. But the Paitdmaha of our author is different from all these. 

As for the Latadeva mentioned here, he is the Latacarya referred to in XV. 18 of this work, for, 
there, the author says that this Acarya has taken sunset at Yavanapura as the beginning of the day 
and from 1.8. we understand that the Paulisa and Romaka do the same and here it is mentioned that 
Latadeva is the commentator of these two Siddhdntas. 

i Afrwfcirm : ^ds^ dwwna i i mwihi» ; | 



4. The tithi resulting from the Paulisa is tolerably accurate and that of the 
Romaka approximate to that. The tithi of the Saura is very accurate. But that 
of the remaining two (viz. the Vasistha and the Paitdrmha) have slipped far 
away (from the real). 

The five Siddhdntas are compared here with reference to their tithi alone because that is the chief 
of the five angas, viz. tithi, vdra, naksatra, yoga and karana, that is most useful not only for rehgious 
but also civil purposes, that is independent of the origin of reference in the echptic and can be 
examined for correctness by observation of eclipses and heliacal rising and that is used in hnding 
the days from Epoch, the sine qua non of all astronomical computation. This being the case, the 
change of tithi' into 'krta' by the late Dr. G. Thitbaut and M.M. Sudhakara Dvivedi (TS for short), 
especially when the manuscripts read only tithi or tithah, is unwaranted, to say the least. Doing this, 
they have condemned the Vdsistha Siddhdnta beyond the author's intention and become blmd to its 
merits and peculiarities, which otherwise they could easily have seen. Equally off the mark is the 
emendation of tUhi into stvatha by Neugebauer and Pingree (NP, for short). See below, explanatory 
Notes, for the real reason for this 'slipping far away from the real'. 
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Contents of the Work 

5-7. I shall tell in this work, avoiding all jealousy, the computation of the solar 
eclipse, which is guarded as a great secret and in which the mind of the 
astronomer reels. I shall also tell the occurrence or nomoccurrence ot the 
lunar eclipse, the directions of the first and last contacts, the duration, the 
total phase, the 'hypotenuse' at any moment with related quantity of obscuration 
and time and also the mutual conjunctions of the stars and the planets and the 
computation of diffĕrences in longitude as also the prime vertical, moonnse, 
astronomical instruments and other requirements, graphical representations 
the gnomonic shadow, the sines of latitude, co-latitude and dechnations and 
such other matters. 

The textual recording tadavacchdya is emended as sdiikavacchdydh because (i) tddava is meaning- 
less and it may be a corruption of sdnkava meaning relating to the sanku or gnomon whicn is 
suggested by the iuxtaposition with chdya meaning 'shadow' and (ii) chdyd must be chdyah because 
grammer requires the accusative case of the word. TS, NP take the word as sdnkavacchdyd, without the 
final visarga. 

As for the mention of the computation of the solar eclipse as a 'great secret' it is because of the 
difficulty of the computation which, therefore, would bring honour to a person who can do it and for that 
reason not given to all. From the contents we can see the importance of the work for rehgious purposes. 

The technical words that occur here like prime vertical etc. will be explained in their respective 
contexts. 

3TSjfcTfoR* ^ ^cH^ *ilnI«cH{ W: || 6 \\ 
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Days from Epoch according to Romaka 

8-10. Deduct 427 from the Saka year (elapsed) of the time taken. Multiply 
the remainder by 12. Add the months gone, counting from Caitra. Put this 
result in two places. In one place, multiply it by 7, divide by 228 and take the 
quotient which constitute the intercalary months. Add this to the result kept 
in the second place. (The total are the synodic months gone.) Multiply this by 
30 and add the tithis counted from sukla-pratipad to the current tithi. Put the 
sum in two places. In one place multiply by 11, add 514,divide by 703 and 
take the quotient, (which constitute the elided days or avamas). Deduct this 
from the sum put in the other place. The remainder are the 'Days from 
Epoch' (dyugana), the moment of Epoch being mid-sunset at Yavanapura, 
beginning Monday when the first tithi of Caitra was about to begin. 

This rule is according to the Romaha. It can be taken as the Paulisa rule also, 
provided the time taken for computation is not very far from the Epoch. (or 
the part of the rule for avama may be used for the Paulisa also, provided the 
taken date is not very far from the Epoch; or in the Paulisa too the movement 
of Epoch is mid-sunset at Yavanapura, beginning Monday.) 
Example 1 . Find the Daysfrom Epoch for Tuesday the sixth day of the darkfortnight of Asadha, $aka 499 
(elapsed). 

Saka year (elapsed) of date is 499. 499 - 427 = 72 years gone. Months gone - 72 X 12 + months 
counted from Caitra upto Asadha = 72 X 12 + 3 = 867. 

867 x 7+ 228 = 6069 + 228 = 26 86 V 
141 

(=Q) + lli(=Rem) 

228 " Adding the quotient 26 

Synodic months gone 893 

The tithis = 893 X 30 + tithis in the current month = 893 X 30 + 21 = 26,81 1 
(26,811 x 11 +514)-* 703 = 420 (=Q)+ 175/703 (= Rem) 26,811 

Deducting the quotient 420 

Days from Epoch gone 26,391 

8-10.QuotedbyUtpalaonBS2.(p.30) c. Bl.^ftqi&; B2.'#fe i n& 
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Dividing 26,391 out by 7, the remainder got is 1, i.e. Monday has gone and Tuesday has begun. 
(This agrees with the data given and therefore 26,391 are the required days from Epoch.) 

The rule is thus explained: According to the Romaka, in ayuga containing 2850 solar years, there 
are 1050 intercalary months and 16,547 elided days (vide 1.15). From this we can compute that in 
the yuga there are-34,200 solar months, 35,250 synodic months (i.e. months), 10,57,500 tithis and 
10,40,953 civil days (vide 1.17). Now, because the Epoch is 427 Saka (elapsed), by deducting 427 
from the Saka year (elapsed) of the time taken, the years gone at the taken time from the Epoch is 
got. As there are 12 solar months in a year, the years gone X 12 + the months gone upto the time 
taken = the solar months gone from Epoch to the end of the solar month falling in the current 
month. The intercalary months during this period is obtained by propartion from the solar months 
and the intercalary months of the yuga, viz. 34,200: 1050 :: the solar months gone: the intercalary 
months during the period. Thus we have the equation, the intercalary months = the solar months 
gone x 1050 -s- 34,200. The fractiOn 1050/34,200 reduces to 7/228 which represents the author s 
instruction to multiply by 7 and divide by 228 to get the intercalary months. It should be noted that 
we are finding the intercalary months not upto the taken time but upto the end of the solar months 
falling in the current month, for, logically, the third member of the proportion should be solar 
months as the first member is the solar months of the yuga. The number of months gone from 
Caitra upto the time taken is the same as the solar months ending in or before the current month, 
and therefore, we use it for adding to years gone x 12, to get the solar months gone. From this we 
can understand that in counting the months from Caitra we should not reckon any intercalary 
month that has fallen. Note also that the fraction of intercalary month obtained from the proportion 
is the part. of the current synodic month from pratipad upto the end of the solar month and by 
omitting it, we have found the intercalary months gone before the taken time which is the thing 
wanted. 

The rule for TJays from Epoch' does not mention any constant (ksepa) to be added to the intercalary 
month obtained because at the time of Epoch there is practically no fraction of intercalary month. 
We shall now show how it is practically zero. Even though we do not know the time when the 
Romaka Yuga began, wherefrom the fraction required can be obtained, still from the constant for 
the mean Sun and Moon in Chapter VIII we can obtain this, in the following manner. There, in 
the first verse giving the rule for the mean Sun, 150 is mentioned as the multiplier for the Days 
from Epoch, and 65 is given as the subtractive constant. From this we learn that 65/150 days, 
(i.e. 26 nddikds) after Epoch, the mean solar month ends and therefore at Epoch the mean Sun is 
1 l r 29 ° 34 ' 30 ". Again, from the constants in the fourth verse giving the mean Moon, we can learn 
that the mean Moon at Epoch is 1 l r 26° 12'. From these, it can be computed that the mean new 
moon occurs about 16 V2 nadikas after Epoch. As the interval from new moon to the end of the solar 
month is the fraction of intercalary month, we get 26 — 16V2 = 9V2 nddikds, as the fraction. As for 
one intercaiary month consisting of about 29 x /z days there are 228 parts as constant, for 9 Vs nddikds 
we get 1 as constant. This is omitted as being negligible, because, after all, we are going to use in 
the rule not the mean Caitra, etc. but the true Caitra etc. which can differ from the mean upto 36 
nddikds. That is why if an intercalary month has actually fallen in the current year before the taken 
time, we take the fraction of the computed intercalary month as whole and add one, and if no inter- 
calary month has fallen we omit one from the computed months when the fraction left over is small. 

To continue, adding the intercalary months to the solar, the synodic months gone are got, for the 
intercalary months are the synodic months omitted in the one to one correspondence of the 
synodic months with the solar. Multiplying the total synodic months by 30 and adding the tithis in 
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the current month, the total tithis are obtained. These lessened by the number of elided days in the 
period between the Epoch and the time taken gives the Days from Epoch, for the elided days are 
the tithis left out of reckoning in one to one correspondence between the tithis and the days. Here 
the elided days are obtained by the proportion, if for the tithis in the yuga numbering 10,57,500 
there are 16,547 elided days, how many elided days are there for the tithis from the Epoch to the 
taken time; i.e. 10,57,500: 16,547 :: the intervening/i^is: the intervening elided days. So,wehave 
the equation, the intervening^s X 16,547 - 10,57,500 = the elided days. Here the multiplier for 
the tithis, viz., the fraction 16,547/10,57,500 can be expressed as a continued fraction to find a 
suitable smaller fraction for easy work, thus: 
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16547 


1057500 


63 
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41 


1467 


35 
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32 
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i.e. 16,547/10,57,500 = ±1}_1J_1}-}-- 

63+ 1+ 9+ 1+ 35+ 1+ 3+ 1+ 4+ 

Thesuccessiveconvergentsobtainedfromthisare: 1/63, 1/64, 10/639, 1 1/703, 395/25244 etc Of 
these the author has taken 1 1/703 as being simple and, at the same time, sufficiently accurate for 
the purposes of this work, for even during a period as large as the yuga, the difference in the elided 
dayswillbeonly 10,57,500(1654/10,57,500- 11/703) = l/17,andthisissmallincomparison with 
the difference caused by actually using the true tithi in the formula, which we are constrained to use, 
in the place of the mean tithi which, according to theory we must use. 

Now at the time of Epoch there was a fraction of elided day equal to 5 14/703, and, as this has aiso 
to be added, the additive constant 5 14 is given. As done in the case of the intercalary month, here 
also we can examine the correctness of the constant, 514, thus: the fraction of elided day 1S the part 
of the current tithi gone before the time of beginning of the new day , as in the present case, viz the 
Romaka before sunset at Yavanapura. We have seen before that at Epoch there remains 16 /2 
nddikds for the mean new moon to end, i.e. about 43 nddikds have ended in mean Amavasya tithi 
The constant 514 means that 514/703 part of the Amavasya has gone and this is equal to about 43 
nddikds and thus the constant is practically correct. It is because of the ex,stence of this constant that 
we have interpreted, caitra-sukladau as 'when the First tithi of Caitra wasabout to begin . Further, we 
have seen that at Epoch Amavasya is current and Caturdasi is gone. But, taking the Amavasya as 
gone, the tithis to be used in the formula are asked to be reckoned from the first tithi of the month^ 
That is why we gave the instruction to add the titkis from Sukla-Pratipad to the current tithi, though 
the usual instruction would be to add only the titkis gone. It must be noted that the author s instruc- 
tion is simpler and at the same time not incorrect. Also, there is the usual practice of comparing tne 
week day for the obtained Days from Epoch, with the actual week day of the taken time, and adding 
or subtracting a day from the days got, if necessary, which will take care of everything. Thus the 
whole thing is explained. 

The Saka year is the year of the Saka era which began at 3 1 79 Kali (elapsed), for the Siddhdntas 
instruct that 3 1 79 should be added to the Saka year to get the Kali year. The purpose of mentioning 
that Caitra Sukla Pratipad occurred near the Epoch is to indicate that the months gone must be 
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counted from Caitra and the tithis from Sukla Pratipad. The moment of Epoch is given as mid- 
sunset at Yavanapura, because the Sun has an angular diameter of about 32', and the time between 
the beginning and end of its immersion below the horizon is considerable. The practice of beginning 
the day at sunset was, in those days, prevalent in the countries near Yavanapura, which practice is 
still followed by Jews and Muslims, as in India certain Siddhdntas like the Surya Siddhanta begin the 
day at midnight, which is used for certain injunctions of the Dharma-sdstras, while certain other 
works like the Aryabhatiya etc. begin the day at sunrise which is used for certain other injunctions 
of the Dharma-sdstras. 

Yavanapura is Alexandria in Egypt, the ancient capital of the country, where Ptolemy II, the 
famous astronomer and author of the Almagest, ruled and which was well known to the astronomers 
of India. How do we know that it is Alexandria and no other city? In III. 13 the time-difference 
between Yavanapura and Ujjain due to their difference in longitude is given as seven nddis and 
twenty vinddis and sunset at Yavanapura is later. From this we can see that it must be a well known 
place 44° west of Ujjain in longitude and its position agrees with that of Alexandria. 

We have said that the moment of Epoch begins Monday, somadivasddye. This reading is that of 
Bhattotpala, quoting the verse in his commentary of the Brhatsamhitd and we have adopted it as thc 
correct one. It does not matter if we adopt another reading, saumyadivasddye, for we can interpret 
this as 'the day pertaining to the Moon', i.e. Monday, because the word saumya can be interpreted 
as 'belonging or pertaining to the Moon'. It cannot mean Wednesday, as it might appear at first 
sight, (the word saumya being a name for Mercury), for it must be Monday because the Lord of that 
day as computed from 1.20 is the Moon and not Mercury. We shall show how. In 1. 1 7 it is instructed 
that 2227 should be added to the Days from Epoch to get the lords of the year, month, day and hora. 
Because the Days from Epoch gone is patently zero at the Epoch itself, we have 2227 4- = 2227, 
from which to get the Lord of the day. The instruction is to divide this out by seven, and take the 
remainder, which gives the Lord of the day gone counting from the Sun, in the order Sun, Moon, 
Mars etc. Now we want the Lord of the 2228th day, and dividing 2228 by 7, the remainder is 2, i.e. 
Moon is the Lord of the day and it must be Monday. This can be shown in other ways also but this 
is enough here. When there is this fact of a Monday and the reading somadivasddye to support it, the 
interpretation by some as 'at the beginning of Wednesday' has to be discarded. There is another 
reading, bhaumadivasa which has been accepted by the two scholars, S.B. Dikshit and Bhau Daji, 
and also by NP, not remembering that the formula has been and can be constructed only on the 
basis of the mean constants and not of the true constants and not understanding the purpose of the 
statement caitrasuklddau, as such that reading has also to be discarded. Note also that the Romaka 
ahargana mentioned in verse 1 7 below, viz. 2227, works out only to Monday, not Tuesday, since the 
cycle commences from Sunday. 

We have given as one interpretation of ndticire Paulise 'py evam, Tt can be taken as the Paulisa rule 
also, provided the time taken for computation is not very far from the Epoch'. Strictly speaking, in 
the rule given by a particular Siddhdnta, only the synodic month and the tithi of that Siddhdnta must 
be used to get the Days from Epoch. But as given in 1.4, the tithi of the Romaka was near that of 
Paulisa at the time of Epoch and so the Romaka rule could be used for the Paulisa for some time, 
especially because there is the check by comparing the week-days. Another thing to be noted is this: 
Whatever Siddhdnta is used to compute the days from Epoch, the result must be the same. That is 
why no separate rule has been given either for the Vdsistha or for the Saura, for we can use days of 
the Romaka or Paulisa for these also, mutatis mutandis. 

TS interpret ndticire Paulise'py evam as 'the rule is the same for also the Paulisa Siddhdnta which was 
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written not long ago'. But the time of a work is irrelevant to a manual of the sort the author is 
writing and he is not interested in giving it. As a result of this interpretation, they have taken that 
the Paulisa rule is the same as the Romaka rule, with the result that they have not been able to see 
that the following verses 11-13 give the rule of the Paulisa, though they are quite capable of under- 
standing and interpreting them. NP translate, 'It is not very different in the Paulisa', without 
explaining ndticire. 

M i rHV I Md5 fWTT: la^ R^clM^ : || U \\ 

Days from Epoch according to Paulisa 

1 1 . (The formula for Days from Epoch according to the Paulisa, is as follows:) 
As in Romaka (1.8-10), deduct 427 from the Saka year (elapsed). Multiply by 
12 and add the months gone from Caitra. Multiply by 30. The 'Solar days' 
(S-days) to the end of the current solar month are got. 

Multiply the S-days by 10, add 698, and divide by 9761. The quotient are 
the intercalary months. (Again, as in Romaka), multiply the months got by 30 
and add to the S-days, and add also the tithis from sukla-pratipad, inclusive of 
the current tithi. The sum is the tithis gone from Epoch. Multiply this by 1 1, 
add 444 (tri-krta) and divide by 703. The quotient are the elided days. Deduct this 
from the tithis gone. The remainder are the Days from Epoch. 

Here the word dwasah is interpreted as ravi-divasah, i.e. 'solar days', because it comes in the place 
of 'solar months' in the formula. The number of 'solar days' is equal the number of degrees 
traversed by the Sun, the time taken for moving one degree being taken as one 'solar day' by Indian 
astronomers. It is not what is meant in modern astronomy, the time interval taken by the Sun for 
the successive crossing of the meridian. 

To avoid error of syntax, 'sdstdnavarasa' is emended into ;sdstanavarasd' . Following the sense, m 
the place of kurtu and rutu, the reading ehartu is substituted. NP editorially add before divasdh the 
word saura, which is not necessary, as it can be inferred. NP's translation gives the number 9761 
with an emended reading kvrtusaptanava. Again, the ms. reading tri-krta has been changed to tri-sat, 
with the translation, 'there is an omitted tithi every 63 days', missing to see that tn-krta (444) is the 
Paulisa ksepa in piace of the Romaka ksepa 514 of the previous verse, to be used in the Paulisa 
calculation. 
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should be included for greater accuracy and it can be done by an appropriate addition in the S-days, 
by the proportion: If 10/9761 intercalary month is got for one S-day, by how many S-days is (1 +' 
l/550)/9761 intercalary month got? Thus we get S-days equal to, (1 + l/550)/9761 +- 10/9761 = 

(1 + l/550)/I0 =|q +J-Q-X^-.Thisisforevery 107 years, and so, for every 107years, l/10S-day 

has to be added for greater accuracy in getting the intercalary months and for every 550 such addi- 
tions one more tenth is to be added, which is the instruction given. (This is the reason for our giving 
as the correct reading, 'tithidasamamsam where tithi according to the context means S-day). 

Now we proceed to explain the part of the formula relating to the elided days. We got before that 
there are 1 1,40,37,61,190 elided days in a period of 7,28,80,32,70,590 lunar tithis or simply tithis. 
Cancelling out a factor 30, we have 38,01 ,25,373 elided days for 24,29,34,42,353 tithis. So, to obtain 
the elided days for tithis gone we have the proportion, 24,29,34,42,353: 38,01,25,373 :: tithis gone: 
elided days during the period, i.e. elided days = tithis gone X 38,01,25,373 ^ 24,29,34,42,353. The 
multiplying fraction 38,01 ,25,373/24,29,34,42,353 can be expressed as a continued fraction thus: 

1 38,01,25,373 24,29,34,42,353 63 
1 3,45,81,519 34,55,43,854 9 

2,71,336 3,43,10,183 126 



38,01,25,373/24,29,34,42,353 = — - - — — 

63+ 1+ 9+ 1+ 126+ 

The successive convergents are 1/63, 1/64, 10/639, 11/703, 1396/89217 etc. Of these, ourauthor 
has taken 1 1/703 (note that this is the same as that of the Romaka) as being enough for a first approx- 
imation. By taking this, 38,01,25,373/24,29,34,42,353 - 11/703 = 2,71,336/(24,29,34,42,353 x 
703) elided day is left out for every tithi. In the period of 245 years, given in the rule, there are, from 
the constants given before, 7,28,80,32,70,590 X 245 - 1,96,40,88,000 tithis. So in this period the 
left out elided day is {2,71,336/24,29,34,42,353 x 703} X {72,88,03,70,590 x 245 + 
1,96,40,88,000} = 16,61,933/(16,36,740 X 703). This can be included in the formula by making a 
proportionate change in the tithi thus: To get 1 1 elided days we have to take 703 tithis, to get the 
elided days left out in 245 years, we must take tithis equal to 703 X 16,61,933 (16,36,740 X 703 

x 11) = 16,61,933 + (16,36,740 x 11) = (1 + ^^^ yil = 1/11 + 25,193/(16,36,740 x 11). In 

this the first term 1/1 1 is given by the instruction to add an eleventh of a tithi every 245 years. The 
second term does not agree with the instruction to omit adding one eleventh for every addition of 
2,03,279 elevenths. This may be due to several reasons. It may be that the mean motion for 3031 
days is given to the nearest minute, and small as this is, it can affect the value of the correction which 
itself is very very small. Or the Paulisa Moon is slightly different from the Vasistha Moon, which we 
have assumed for the Paulisa. Or there is some error in the text here. We must be satisfied with the 
other and more important items of agreement. It must be remembered here that TShave omitted 
even the translation of these two verses, as a hopeless task. 
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Now we proceed to examine the ksepas used in the formula. At the time of Epoch, the Vdsistha 
mean Moon is 1 l r 25° 6' (vide II. 3). As done before, we assume this for the Paulisa also. The Paulisa 
mean {'mean' here is the assumed mean) Sun is 1 l r 29° 44' (vide III. 1). From these we can see that 
the mean new moon will occur after 23 nadikas. From the ksepa for elided day given, 444, we can 
see that the end of the Amavasya occurs, before the beginning of the next day by 444 X 59/703 = 
37 nddihds, i.e. 23 nadikas after the Epoch, and thus there is agreement. (This shows that the reading 
'trikrtadindny avamasanksepah' is correct). 

We shall examine the ksepa for the intercalary month. The ksepa given is 698. Dividing by the 
given divisor, 9761, we see that at the time of Epoch there is a fraction of 698/9761 intercalary 
month left. As the fraction of intercalary month is the interval from new moon to the next ending 
moment of the solar month, we get that 698/9761 synodic month = 2 days and 6V2 nddikds after 
new moon, the Sun enters the next rdsi, here Mesa.We have seen that the mean new moon itself 
falls 23 nddikds after Epoch. Therefore we get that the Sun enters Mesa 2 days 6 ¥2 nddikas + 23 
nadikas = 2 days 29 Vs nddikds after Epoch. The proper mean Sun computed for Epoch is 1 l r 27° 
33' (vide III. 1-3), i.e. after traversing 2 27', i.e. after 2 days 29 Vs nddikds, the Sun willenter Mesa. 
This is the same as what we have computed from the ksepa 698, and thus it is verified. 

Perhaps the reader has noted here that in the verification of the ksepa for elided day we have used 
the assumed mean Sun (written 'mean' Sun) at Epoch and of the ksepa for intercalary month, the 
proper-mean-Sun at Epoch. Is it proper, he may ask? Logically it is not. But, after all, what we want 
is to get the Days from Epoch correctly. If, by this shift, the rule is simplified, without sacrificing 
accuracy, then there is no harm in having recourse to it, thinks the author. We have already said 
that the mean Sun and Moon can alone be taken in framing the rule here. What we have called 
above, the 'proper-mean' is really the mean and so that part is all right. If here the assumed mean 
Sun is used, which is practically the true Sun at Epoch, an intercalary Vaisakha will be falling 
immediately which will necessitate giving a ksepa almost equal to the divisor 976 1 and cause a lot of 
trouble. So the author has done what is only proper here. Then why not use the mean Sun to get 
the elided day ksepa also? The Paulisa, in giving its peculiar method, has assumed the beginning of 
the true Solar year as that of the mean Solar year, so that the true Sun at that point is assumed as 
the mean Sun. Our author has taken it as it is given and computed the ksepa for the elided day 
accordingly, for, as we have already said, there must be the check by comparing the weekday and 
that will take care of everything. Or, some astronomer, unaware of the illogicality, has handled the 
ksepa. While TS omit to translate the verses 11-13, merely stating that the details are obscure (Tr. 
p.5), NP change several ms. readings, dasamdmsa todasdmsa, pancakrtadvisammitdh to pancatanudvid- 
vimitdh, ekikartum to eka rtu, without getting anywhere near the correct sense. 
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Yuga of the Sun and the Moon (Romaka and Saura) 

14. In the Saura Siddhdnta, a period (actually the minor^ga) of 1,80,000 
solar years contains 66,389 intercalary months and 10,45,095 elided days. 

15. The luni-solar yuga of the Romaka Siddhdnta consists of 2850 solar years. 
In this period, there are 1050 intercalary months and 16,547 elided days. 

16. The solar years in the yuga multiplied by 12 gives the solar months in the 
yuga. The solar months plus the intercalary months are the synodic months m 
the yuga. The tithis got by multiplying the synodic months by 30 reduced by 
the elided days, are the civil days, (i.e. days) in theyuga. The civil days plus the 
solar years are the sidereal days in the yuga (or the synodic months plus the 
solar years are the Moon's revolutions in the yuga). 

Example 3. Gwe the revolutions ofthe Sun and the Moon, the civil days etc. in ayuga (minor) ofthe Saura 
Siddhdnta. 

There are 1 ,80,000 solar years in the Saura minor yuga, and as a solar year is the period of revolu- 
tion of the Sun, there are 1 ,80,000 solar revolutions in the yuga. Multiplying the solar years by 12, 
the solar months in a yuga are 12 x 1,80,000 = 21,60,000. The synodic months are solar, rnonths 
plus intercalary months = 21,60,000 + 66,389 = 22,26,389. The ttthis are 30 X 22 26 389 = 
6 67 91 670 The(dvil)daysare,^fc-elideddays = 6,67,91,670 - 10,45,095 - 6,57,46,575. The 
sidereal'daysare,civildays^solaryears = 6,57,46,575 + 1,80,000 = 6,59,26,575. The lunar 
revolutions are, synodic months + solar years = 22,26,389 + 1 ,80,000 = 24,06,389. 

Emmple 4. Gwe the rwolutions ofthe Sun and the Moon, the civil days etc. in the Romaka yuga and the 
time of revolution of each, etc. 

Sun's revolutions = solar years = 2850. The solar months are, 1 2 X 2850 = 34,200. The synodic 
months are 34,200 + 1050 = 35,250. The tithis are, 30 X 35,250 = 10,57,500. The civil days are, 
10 57 500- 16,547= 10,40,953. Thelunarrevolutionsare, 35,250 + 2850 = 38,100. Dmdingthe 
days in the <y«ga by the solar revolution, the time taken for the one revolution, i.e. the solar year is 
in days etc 10 40 953 ■+ 2850 = 365-14-48. Dividing the days by the synodic months, the penod 
of synodic revolution (month) got is in days, etc. 10,40,953 + 35,250 = 29-3 1-50-5-3J [ *e 
days by the lunar revolutions, the time for one revolution got is, m days etc. 10,40,953 - 38.1UU - 
27-19-17-46. 

The following points should be noted. The Romaka Siddhdnta, now extant, agrees with the Modern 
Surya Siddhdnta in its constants like the period of the yuga, the number of revolutions of the planets 
in the Yuga etc. But the Romaka Siddhdnta condensed by our author is quite different and seems to 



14a. B1.^;B2.^1 
b. A2.°Tpn° 

c. Al. ftFTTO; D.[^tW>] 
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be lost. Therefore we cannot determine whether the period of 2850 years mentioned here is the 
actual yuga of the original Siddhdnta or a minor yuga (i.e. a rraction of it m whole years) g,ven for 
convenience. Patently, the solar year given here is tropical and agrees with the value given to it by 
the ancient Greeks, like Ptolemy II and Herodotus. It is so with the duration of the synodic month 
also. Reducing the number of solar years and intercalary months in the^p by the factor, 1 50 we 
see that there are 7 intercalary months in a period of 19 years or 228 solar months, which is the 
wellknown Metonic cycle. From all this we can conclude that this Siddhanta is from a Greek source. 

In the case of the Saura, the period of 1 ,80,000 years given here is certainly a minor^ of the 
original Saura, for by muitiplying this by 24 we get the number of years in theyuga of the origmal 
viz , 43,20,000 years. From this we can infer that in theyuga of the : onginal there a«W x 24 
- 43,20,000 solar revolutions, 6,57,46,575 x 24 = 1 ,57,79,1 7,800 civil days and 24,06,389 X 24 _ 
5 77 53 336 lunar revolutions. We have already mentioned that all these agree with the Ardhara- 
trapaksa of Aryabhata given in the Mahabhdskariya, with the Khandakhddyaka wruch is based on the 
Ardharatrapahsa and with the Paulisa quoted by Bhattotpala in his commentary on the Brhatsamhta 
but not with the Modern and well-known Surya Siddhdnta. 

Now what is the purpose of our author in giving the ^a-elements of these two Stddhdntas ^alone? 
Our author expects that, like the Paulisa, the Saura also would be used for a long time So, if the time 
taken is far from the Epoch, he expects the reader to make his own rule, taking the elements gwen 
here following the method of the Romaka. In the case of the Romaka itself, the accumulation ol 
error in the rule can be prevented by deducting multiplies of 2850 years from the years gone from 
Epoch and doing the work with the small number of years left. Also, in the case of both, we can use 
the elements given here to check the constants given in later work, for mistakes. 

We shall now explain the rules of verse 16, indicating the Sun's revolution , as R the Moon's r the 
synodic months m^the intercalary months *, the elided days e, the Tithis t, the cml days d, and the 
sidereal days n. 

(i) We shall explain the synodic month and derive the relation between the synodic months and 
lunar revolutions in the>«ga. The synodic month is the interval between two consecutije conjunc- 
rns of"he Sun and the Moon. In the Yuga the Moon makes r revolutions and, therefore, m one 
^^ Hdrevo\ution. In the same way, the Sun makes Rld revolution. In one day they move 
apart by _LZ^ revolution. When the separation equals one revolution they are in the next con- 
junction.Theperiodofseparationequaltoonerevolution,indays=l/ ( -^-^- = (r _ R) -which 

is the length in days, of the synodic month (1) 

For d/(r - R) days, there is one synodic month; for d days (i.e. the days of theyuga) there are 

di Wr-R)} lr-R synodic months, i.e. r - R = m, r = m + R (2); i.c. adding the Sun s 

revolutions to the synodic months, the lunar revolutions are obtamed. 

(ii) The explanation of the intercalary month and its relation to the synodic month: The synodic 
months Caitra etc. are those that end in the solar months Mesa etc, and there is normal y one to one 
o^^SSetween the two sets. But as the synodic month is shorter than the solar it succes- 

iveTy e^nds earlier and earlier in the solar and when it happens that the synodic month 
m the solar that another synodic month also ends within the same solar > obviously it has to be left 
out of reckoning if the correspondence between the set Caitra etc. with the set Mesa etc. has to be 
maintained. This is the Adhikamdsa or intercalary month. 
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Now, in one solar year there are 12 R solar months. As there are R years in the yuga, there are 
12 R solar months in the yuga. Therefore the length of a solar month in days = d/12R. The length 
in days of a synodic month, already derived, = dl(r - R). Therefore in every solar month the end of 
the synodic month (i.e. the new moon) occurs earlier by dll2R - d/(r - R) = d(r - 13/? )/\2R (r - 
R). When this is equal to one synodic month and gets immersed in the solar, then one intercalary 
month happens, and the time for this to happen is, in terms of solar months, dl(r -R) + {d(r - 13/?)/ 
l2R(r - R)} = \2RI(r — 13/?). Therefore, in the yuga containing \2R solar months the number of 
intercalary monthsi = 1 2RI { 1 2R/(r - 13/?)} = r - 13/? (r - R) - 12R - m - \2R. Therefore 12R 
+ i = m (3), i.e. the solar months + the intercalary months give the synodic months. 

(iii) We shall explain the occurrence of elided days and derive their number: The length of a 
tithi is a little less than a day and so every day the tithi occurs earlier and earlier in the day, until the 
time so accumulated becomes equal to one tithi and gets immersed in the day, with the result that 
the correspondence, one tithi to one day, is broken. Such tithis are left out by reckoning and are cal- 
led 'submerged tithis' or 'elided days'. Now, as there are in the yuga d days and t tithis, the duration 
of one tithi = dlt. In one day, the tithi falls earlier by 1 - dlt day. This accumulates to one tithi in dlt 
-=- (1 — dlt) = dl(t — d) days, which is the time for one elided day to happen. Therefore, the number 

of elided days happening in a Yuga = e = dl{dl(t -d)} = t-d. Therefored = t - e (4), i.e. deducting 

the elided days rrom the tithis we get the days. 

(iv) We shall explain the sidereal day and derive the number of sidereal days in the yuga. The 
time taken by the stellar sphere to move (apparently) one round, is the sidereal day. But the day, 
i.e. the civil day, is related to the apparent diurnal movement of the Sun, from sunset to sunset, 
from sunrise to sunrise, from midnight to midnight etc. As there are n sidereal days and d days in 
the yuga, in one sidereal day the Sun makes dln revolution. Therefore in one sidereal day he lags 
behind by \-dln = (n - d)fn, revolution. This lagging behind is due to the Sun's eastward motion 
in the Sky and its magnitude is the Sun's motion in terms of revolutions during a sidereal day. This 

is equal to/?/n. Therefore, (n - d)ln = Rln. Therefore, (n-d) = R. Thereforen = R + d (5), i.e. 

adding the solar years to the days, we get the sidereal days. Thus all the rules of verse 16 have been 
explained. 

[3crffqtr:] 

3rf^(w) * q i j<^ ' cfer cmffu i II w || 
^M^ci cmjT^nPi: wctt^^t^; || u || 

Lord of the year 

17. Add 2227 to the days from Epoch, divide out by 2520 and take the 
remainder. Set this in 3 places. In one place divide the remainder by 360 and 
take the quotient. 

18. Add 1, multiply by 3, deduct 2 and divide out by 7. The remainder 
counted in the order Sun (Ravi), (Moon, Bhauma, Budha, Guru, ^ukra and 
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Manda) is the Lord of the year (in which the taken day falls) (i.e. If Q is the 
quotient taken, the number to be divided out by 7 is equal to (Q + 1 ) x 3 — 2) . 

Example 5. The days from Epoch is 3479. Give the Lord of theyear. 

Adding the ksepa to the days given, 3479 + 2227 = 5706. Dividing out by 2520, the remainder 
is 666. Dividing this by 360, the quotient obtained is 1. (1 + 1)3 - 2 = 4. The fourth from the Sun, 
Budha is the Lord of the year. 

The processes mentioned here are explained thus: At the moment 2227 days before Epoch, 
beginning Sunday, the days for calculating the Lord of the year etc. began and, as for the first day 
from that point of time, for the first month and the first year also beginning from that moment, the 
Lord was the Sun. To find these Lords for any time, the days from this point must be found and as 
the Epoch is 2227 days from this point, the days required are got by adding 2227 to the days from 
Epoch. For the purpose of calculating the Lord of the Year, the sdvana year comprising 360 days 
is used by our author and the Lord of the first day of the sdvana year is the Lord of the year. In the 
same way, to calculate the Lord of the month, the sdvana month of 30 days is used, the Lord of the 
first day of the month being the Lord of the month also. Now, as 2520 is the least common multiple 
of 360, 30 and 7, after each period of 2520 days, these Lords are repeated in the same order. Hence 
the instruction to divide the days out by 2520 and take the remainder alone. This remainder is set 
in 3 places to find the Lords of the year, the month and the day. Taking the remainder of the days, 
the Lord of the first year is that of the first day, the Lord of the second year is that of the first day 
in the next year, i.e. of the 361st day, i.e. that of the (358 + 3)th day, i.e. that of the day three days 
after; the Lord of the year next to that is that of the day 6 days after that of the first and so on. Thus, 
the Lord of the nth year is that of (n - 1)3 + 1, i.e. that of n X 3 - 2. If Q is the number of years 
gone, then n = Q + 1, and the Lord is that of (Q + 1)3- 2, which is the rule given. As the same 
Lord is repeated by the addition of multiples of 7, by casting out 7 we get the same and hence the 
instruction to cast out seven and take the remainder alone. 

Dividing the days into sdvana years and giving the Lord of the first day of the year as the Lord of 
the year is peculiar to our author. For others the Lord of the first day of the saura year and for yet 
others that of Caitra Sukla Pratipad is the Lord of the year. Some give two Lords. 

There is a flaw in the derivation of this rule by M.M. Sudhakara Dwivedi (vide page 6 of his Com- 
mentary). It has been hidden by another mistake made by him, viz., adopting the reading 'anghri 1 
(= 2) but using the reading 'abdhi' (= 4) in the derivation. The reading pratirdsca is really pratirasya. 
Both NP and TS take the reading pratirasi and moreover, S gives it the incorrect meaning sesam, 're- 
mainder'. 
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[TTTOTf«HT:] 



Lordof theMonth 

19. Take the remainder set apart (as mentioned in verses 17-18), divide by 30 
and take the quotient. Add 1, multiply by 2 and deduct 1. The remainder, 
after dividing out by 7, is the Lord of the month, cpunted from the Sun. 

The rule is (Q + 1)2 - 1, where Qis the quotient taken. 

Here in the place of the reading'A«rya/i' accepted both by TS and NP, we have adopted the read- 
ing vyekdh, given by Bhattotpala in his Br. Sam. commentary, as being the correct one and as neces- 
sary here. Also in the place oiprapanna Bhattotpala reads pratipada. Whatever be the reading here, 
we want the meaning T. 

The rule is derived thus: As mentioned before for the Lord of the year, to get the Lord of the 
month the days are divided into s&oana month of 30 days duration and the Lord of the first day of 
the month is the Lord of the Month. Thus the Lord of the very first day, viz. the Sun is the Lord of 
the first month. As the days in the month, 30, divided out by 7 leaves the remainder 2, the Lords 
of the successive months are those of 2, 4, 6 etc. days after that of the first month, i.e. the Lord of 
the nth month is given by (n - 1)2 + 1 = n X 2 - 1. As n is the current month, it is equal to (Q + 
1). Therefore n X 2 - 1 = (Q + 1)2 - 1 , which is divided out by 7 gives the Lord of the month. 

Here too the derivation of M.M. Sudhakara Dwivedi is wrong (vide his commentary on the verse. 
p 6) The translation of both TS and NP are incorrect for having taken the reading karydh for yyekah 
Cdeduct 1'), not realising which NP complain: "The text's (1. 19) 'increase the (resulting) months by 
the current one' should be replaced by 'discard the fractional part of the current (month)' (Pt. II, 
p. 13, footnote). On verses 17-19, K.S. Shukla has a detailed note in his paper, 'The PS of VM (2)' 
Ganita, 28(1977) 99ff." 

Emmple 6. For the same day as given in Ex. 5 give the Lord ofthe month. 

The remainder set apart (in the£*. 5) is 666. Dividingby 30, the Quotient, Q, obtained is 22. (22 
+ 1)2 - 1 = 45- Dividing out by 7, the remainder is 3. Hence, the third from the Sun, viz. Bhauma 
is the Lord of the month. 
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Lord of the Hora 

20. Take the remainder set apart in verses 17-18. Divide out by 7 and the 
remainder is the Lord of the Day, counting from the Sun. Take this remainder, 
multiply by 3, add 1 , and add also the number of hords (i.e. the hours) counted 
from the beginning of the day, (i.e. the previous sunset) inclusive of the hord 
in which the taken moment falls. Multiply by 5 and divide out by 7. The 
remainder, counted from the Sun, gives the Lord of the Hora. 
If the Lord of the day is dth from the Sun and the time taken falls in the hth hord , then the number 
for the Lord of the Hora is (3d + 1 + h) x 5. 

It should be noted here that the hord, h, is counted from sunset, because the time of Epoch is sun- 
set and the day is said to commence there. 

The derivation of the two rules: The rule for the Lord of the Day is obvious for the order of the 
Lords, Sun Moon, Bhauma, etc. is meant to be the order of the Lords of the weekdays, Sunday, 
Monday, etc. The rule for the Lord of the hord is derived thus: From the Sastra we learn that the 
Lord of the hord beginning at sunrise is the same as the Lord of that day. The Lord of the hord begin- 
ning Sunday, i.e. of the hord just after sunsetof Saturday, (i.e. Mandavara), isBudha, since the Lord 
of the hord after sunrise on Mandavara is Manda and the successive Lords of the hords are the fifth 
after each, i.e. the sixth counting from each. (vide the next verse, 21). Budha is the 4th in order. 
After this if (n - 1 ) hords are gone, the Lord of the nth hord is given by (n - 1 )5 + 4. Let us find the 
Lord of the hord for the A-th hord of the d-th day. This is {(d - 1)24 + h}th hord. Therefore the Lord 
of the hord is, substituting this for n in the above formula, {(d - 1)24 + h - 1} 5 + 4 = (24d + h - 
25) 5 + 4 = (2 \d + M + h + 1 - 26) 5 + 4 = (2>d + 1 + h)5 + 4 + 5 x 2\d - 5 x 26 = (3rf + 1 + 
h)5+ 105d- 126 = (3</ + 1 +h)5+ 15<f x7- 18 x 7. AsnochangeintheLordhappensbyadding 
or deleting multiples of 7, this reduces to (M + 1 + h)5, which is the rule given. (Here too the deri- 
vation of M.M. Sudh. is wrong. Let the readers examine his commentary.) The acceptance of the 
expression vyeka in place of the ms. reading 'dhyeka both by TS and NP has rendered their trans- 
lations incorrect. 

Emmple 7. (a) Who is the Lord ofthe Day,for the day given in Ex. 5?(b)On the same day, who is the Lord 
of the Hora,fifth after sunrise? 

(a) The remainder set apart according to verses 17-18 is 666. Dividing out by 7, the remainder 
left is 1, i.e. the Lord of the Day is the Sun. 

(b) In the example, d = 1, h = 5 + 12 = 17 (because h is counted from the beginning of the day, 
i.e. the previous sunset). Substituting, (1x3+1 + 17)5 = 105. Casting out 7, the remainder is 
or 7 and the 7th from the Sun, Manda is the Lord of the hord. 

^iilRlMS^ CKnK i<4NHIUIir II w II 
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2 1 . The fourth counted Jrom the Lord of any year is the Lord of the year next 
to that. The third from the Lord of any month is the Lord of the month next. 
The sixth /rom the Lord of any hord is that of the next hord. The Lords of the 
day come consecutively, in the order given. 

This the explanation: It has been said that the Lord of the year is that of the savana year of 360 
days, coming one after another. The Lord of the first day of the year is the Lord of the year and 
the Lord of the 358th day is the same. The Lord of the next year is that of the 361st day, which is 
the fourth counting from 358. Thus the Lord of the next year is the fourth counting from that of 
the previous year. In the same way, the Lord of the next (sdvana) month is that of the 31st day, 
counted from the first day of the previous month. The Lord of the 29th day is the same as that of 
the first. The 3 1 st day is the 3rd counting from the 29th. Therefore, the Lord of the 31st day, i.e. 
the Lord of the next month, is the third from that of the previous month. The Lords of the hords 
come in the order, Manda, Guru, Bhauma, Ravi, Sukra, Budha and Soma, which is the descending 
order of the distances of their orbits. The planet next in this series, who is the Lord of the next hord, 
is the 6th in the series given by our author, and hence the statement that the sixth from the previous 
is the Lord of the next hord. That the Lords of the day come consecutively is obvious, for the series 
Ravi, Soma, Bhauma, etc. is given in the very order of the Lords of the day. 

One thing must be said here. The author has taken the Lords in the arbitrary order Ravi, Soma 
etc. as it is well known by means of the week-days we are using in our day-to-day affairs. But the 
order of the Lords of the hora, viz. Manda, Guru, etc. based on their distances is fundamental and 
given by the Ĕdstras, which give the Lord of the week-day itself as being the same as the Lord of the 
first hord after sunrise on that day, taking the Lord of the hord as known. Taking this order we can 
make the following statements: The Lord of the next day is the 4th as counted from that of the cur- 
rent day, the Lord of the next month is the 7th counted from that of the current month (or, which 
is the same, the one previous to that of the current month) and the Lord of the next year is the third 
counted from that of the current year. 



22. Consulting the works of Sages, I shall tell in my future work following the 
Hora-Tantra, the predictions, viz. which results will flow during the reign of 
which Lord of the year or Lord of the month. 

There is a gap in this verse in every manuscript, tattadwttaih being missing. So we have adopted 
the reading of Bhattotpala in his Br. Sam. commentary which is full. 



21. QuotedbyUtpaIaonBS2,p.35. 
21a. A1.2.BI.^«f 

b. Al.2.^^8^; Bl^.^rtc^T^rrat; 

r ^ *s , n , -i 

[Wlt5^:] 
c. Bl^.^^TC^. A1.2.B1.2.*TSt 
d. Al.f^9£; U.^TCHTO:^ 



22a. B3.Commenceswiththisverse. 
Bl.2.3.^ ^1^ ^bd 
b. B2.*TR*3T 

c. A.B. on.<ffi^:; C. [cM^Wl^] 

A1.2.B1.2.** 
d. Bl.#TandB2.?ttj for?T*T 

Al.°TTf^«TT^:; B2.?Tf%«TT^; 

B.fa«TI^ 



1 I. INTRODUCTION OF THE WORK 23 

^rpjt '^rr^Jy^ 'M^^uil '^sj^ss? ww. ^j: \ 

( chKHHHWW i) ?I?Ntta: W^T: |pT* || 

%T ^*Hj,3fM<i3*>ui i «M%cw4Uufl | 

(ĕn^) XteR$i (^tot) simt (^T:) ^T: xjW: || ^ 

23-25. Add 1 to the Days from Epoch, divide by 365, take the remainder and 
divide this by 30. The quotient are the months gone. The remainder gives the 
Lords of the current degree in the current month. They are, corresponding 
to each degree, Kamalodbhava (Brahma), Prajapati, Svarga (Heaven), 
Weapon, Tree, Anna (Food), Residence, Kala (Time), Agni, Abhra (Cloud), 
Sun, Moon, Indra, Cows, Niyati (Fate), Hara, Bhava, Guha, Manes, Varuna, 
Baladeva, Vayu, Yama (the ruler of the World of the manes), Vak (Goddess 
of Speech), £ri (the Goddess of Wealth), Kubera, Hell, Earth, Vedas and the 
Supreme Being. 

This matter must have been taken from the ancient Samhitds by our author and given here. 

For the purpose of giving the Lord of the degrees they must have divided the days into years of 365 
days (why not the exact duration of the solar year, we cannot say) and the years into months of 30 
days as can be inferred from the instruction. But then it comes to giving the Lord of not the degrees 
of the rdsi but that of each of the savana days in the saoana month. For the 5 days left over at the 
end of the year it must be taken that the first 5 Lords are repeated. 
Emmple 8. Give the Lord of the Degree of the rdsifor Days jrom Epoch 3479. 

Adding one and dividing by 365 K the remainder is 195. Dividing by 30, the remainder is 15. 
Therefore the fifteenth in the list, Niyati (Fate) is the Lord required. 

Ed. Note: NP have identihed verses 23-25 as relating to the Magas, emending the expression 
mdsds syuh in verse 23 to magdbddh syuh and have correlated"the 30 names enumerated in the verses 
with the lords of the 30 days in the month according to the Magan calendar. K.S. Shukla has studied 
these three verses in detail, noted that these names are enumerated also in the Vatesvara Siddhdnta 
(ch. I, sn.v, w. 117 c-d, 118) and has traced the names to their Zoroastrian (Parsi) originals, as per 
the following Table, in his paper 'The PS of VM (2)', Ganita, 28 (1977) 99-1 16. 



23a. A2.^n4; B1-3^M 
b. A2.T3$. A1.2.^T; B1.3.s#*T. 

Al^.^TRTr^:; D. [^RT^T:] *f 
d. A1.2.^5M; B1.2.^I"TT 
24a. A1.2.+Hdl*WI; B1-3.3*T#5<*; C.D.«Wc^o(: 
AL2.^F3T?TT; Bl-3. C.D.5F3feT: 
b. A1.2.^; B3.^:; C/SPtT; D.^ 

C.°^«Ps?TR5TratRT; D. RT] W^SH-^Wel: 



A1.2.WTPT; B1.2.^TFT°; B3.^tTPT° 
c. Al.2. Bl.2. C.D.*HdH<rH^H^: (62.^:) 
d. C.D.'ilH3l4d^:. B.W 
25a. AL2.^T; Bl.W^; B3.^|i; 
D. [W^] % 
b. Al.^T^; A.2.^T^ A1.2.-HH|cWuj) 

c. Bl.3.*rr$?ir«Hcfr i Ai^.BLS.C.D.T^rit 

d. A1.2.^1T; B1.3.C.D.^ir: A.2.$:. A1.2.^f: 
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PANCASIDDHANTIKA 
Names of the 30 days of the Parsi months 



Name in VM 



Name in Vatesvara Siddhanta 



Zoroastrian (Parsi) name 



1. Kamalodbhava 
(Lotus-born) 

2. Prajesa(Protectorof 
creatures) 

3. Svarga (Heaven) 

4. Sastra (Weapon) 

5. Druma(Tree) 

6. Anna(Food) 

7. Vasa (Residence) 

8. Kala(Yama) 

9. Anala(Fire) 

10. Abhra(Filledwith 
water, Cloud) 

11. Ravi(Sun) 

12. Sasi(Moon) 

13. Indra(Godofrain) 

14. Go(Cow) 

15. . Niyati (Destiny) 

16. Hara (Mihira, Sun) 

17. Bhava(Siva) 

18. Guha 

19. Pitr(Manes) 

20. Varuna 

21. Baladeva(Balarama) 

22. Samirana (Wind) 

23. Yama 

24. Vak(Speech) 

25. Sri (Righteousness) 

26. Dhanada(Kubera) 

27. Niraya(Hell) 

28. Dhatri(Earth) 

29. Veda 

30. ParahPurusah 
(Supreme Being) 



Brahma 

Prajapati (Protectorof 

creatures) 

Dyauh (Heaven) 

Sastra (Weapon) 

Taru(Tree) 

Anna (Food) 

Vasa (Residence) 

Kala(Yama) 

Agni (Fire) 

Kha (Same as Abhra) 

Ravi(Sun) 
^a^i (Moon) 
Indra(Godofrain) 
Go (Cow) 
Niyati (Destiny) 
Savitr (Sun) 
Guha (Sonof Siva) 

Aja (Unborn God) 
Pitr (Manes) 
Varuna 

Hali (Balarama) 

Vayu(Wind) 

Yama 

Vak(Speech) 

^ri (Righteousness) 

Dhanada (Kubera) 

Niraya(Hell) 

Bhumi (Earth) 

Veda 

Parapurusa 
(Supreme Being) 



Ahurmazd (Lord God) 

Bahman (Protector of creatures, 
Brahman) 

Ardibahesht (Holder of the key s of 
heaven) 

Shahrivar (Lord of pure metal) 
Spandarmad (Charitable) 
Khurdad (Lord of festivals) 
Amordad 

Depadar (Associate of Ahurmazd) 

Adar(Fire) 

Avan(Waters) 

Khurshed(Sun) 
Mah (Moon) 
Tir (Distributor of water) 
Gosh (Cow) 

Depmehr (Ahurmazd's associate) 
Meher (Sun) 

Sarosh (Protector of the living and the 

dead) 

Rashna 

Farwardin (Farohars of the dead) 

Behram (or Varenes) 

Ram 

Govad (Wind) 

Depdin (Ahurmazd's associate) 
Din 

Ashisvang (Righteousness) 
Ashtad ( Aingel created by Mazda) 
Asman (Sky) 
Zamvad (Earth) 

Marespand (Zarathustrian law and 
religion) 

Aneran (Endless lights of shining 
heaven) 



1. A.B.C.D.^™R: t 

Thus ends Chapter One, entitled 'Introduction of the Work , 
in the Pancasiddhantika composed by Varahamihira 



Chapter Two 



VASISTHA-SIDDHANTA — PLANETARY COMPUTATIONS ETC. 

Introductory 

Now follow the five Siddhdntas. Of these the Vdsistha is given first, as being the most P»mitive 
among the Siddhdntas that distinguish between true and mean motions, unhke the Paitamaha which 
gives only the mean motion. For a detailed exposition of some of the verses see T.S ^Sastry T h e 
Vasistha Sun and MoonJOi? 25 (1955-56) 19-41 and K.S. Shukla, 'The PS of VM(2) , Gamta 
28(1977) 99-116. 



True Sun 



1 Multiply the Days from Epoch by 4 and add 6. Divide this by 1461 (and 
take the remainder). Take from this, successively, the quantity 126 , reduced 
by 1 0, 2, 4, 7, 9, 9, 8, 6, 5 (i.e., the twelve quantmes 125, 12b, Ub, UO, 
'l24, 122,'ll9, 117, 117, 118, 120, 121). (TheSun's rasis, Mesaetc. are succes- 
sively got.) 

Thedirectionis: Multiply thedaysby4,add6,divideby 1461 and take the remai nde r- Jrom diis 
first take off 125, and consider that Mesa is gone. Then from;what remains deduct 126 and consider 
Rsabha is gone, and so on. The Sun is in the rdsi corresponding to the number which canno . be 
deducted on account of its being less than what is left over. Muluply what is left over by 30 and 
divide by what cannot be deducted. The position of the Sun in that rdsi is got, in degrees. 

It is to be noted that even 'Days from Epoch' is not mentioned here but we take it as «nderstood 
because every work of this sort reauires it. It is not specifically mentioned that this rule „ for om- 
put"g the true Sun but we can infer it from the quantities here gl ven and the ™k ari*d to be 
done. Even the work is not clearly and completely given. But knowmg what the author is abou t we 
can see what is wanted to be done. TS have refrained from interpreting th.s, as an unpossible task. 



la. Al.tdJi"!^*!; A2.tdU U|L HW& 
BC.+«1 J i u l^^ 
a-b. A3.^>| 



b. D.^t^ 
c-d. A.B.C.Wf3for?aW 
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PANCASIDDHANTIKA 



The text here svarakrta has been changed into krtasvara by interchanging the words, as the nature 
of the work requires it and as this kind of transposition is sometimes found in manuscripts. It is 
impossible that the Siddhdnta itself has made this mistake, not noticing the ascending nature of the 
series in this part. 

Next, we are in doubt here about the time of the day (like sunrise, sunset, noon or midnight) for 
which the Sun is here given. One may think that because no time is mentioned here, not even the 
instruction to take the 'Days from Epoch', one is expected to take the Days of the Romaka or the 
Paulisa and with its own time of sunset at Yavanapura, i.e. thirty-seven nddis twenty vinddis from 
sunrise at Ujjain. But later, in dealing with the Romaka itself and with the Saura, the author gives 
different times of day for different computations (vide VIII. 5, IX. 1„ XVI. 1) and hence this doubt. 
It is likely that the Vdsistha Sun and Moon are given for sunrise at Ujjain, as we shall show while deaiing 
with the Moon. 

Another point to be noted is this. The rule gives the 'True' Sun directly, without giving the 
'Mean' Sun. This is possible because this Siddhdnta, like the other Siddhdntas of the period like the 
Aryabhatiya, has taken the apogee of the Sun as fixed and, so, for a given day in the solar year there, 
is a given anomaly with a given equation of the centre, whtch means a given true Sun. (It is so with 
the Vdkyakarana also, which follows the Mahdbhdskariya based on the Aryabhatiya, with this differ- 
ence that here the days for fixed intervals of the true Sun is given, while in the Vdkyakarana the days 
for the Sun and the Sun for the days, both are given.) 

The rule is explained thus: In this Siddhdnta the solar year consists of 365 l A days, (like the Julian 
year), i.e. of 1461 quarter-days. For convenience of computation, the Days from Epoch are also 
converted into quarter-days. According to this Siddhdnta the true solar year began, i.e. the true Sun 
was at the first point of Mesa, 1 Vfe days, i.e. 6 quarter-days, before Epoch. So 6 is added to the quarter- 
days from Epoch to give the true Sun from the beginning of Mesa. As after periods of 365 l A days, 
i.e. 1461 quarter-days, the Sun returns to the first point of Mesa, we can divide the quarter-days 
out by 1461 and take the remainder alone to find the Sun, i.e. its position from the beginning of 
Mesa. Now this Siddhdnta has found empirically that the true Sun traverses Mesarasi m 31 l A days, 
i.e. 125 quarter-days, Rsabha-rasi in 31 1 /2 days, i.e. in 126 quarter-days and so on. Thus in 125 + 
126 + 126 + 126 + 124 + 122 + 119 + 117 + 117 + 118 + 120 + 121 - 1461 quarter-days the 
Sun traverses all the twelve rdsis and reaches Mesa again. That these numbers add upto 1461 , and 
1461/4 = 365 V4, the days of the year, is proof of the correctness of our interpretation of the rule. 
Thus we see that the solar months Mesa etc. contain each 3 1 V4, 3 1 >/2, 3 1 Va, 3 1 V2, 3 1 , 30 '/2, 29% , 
29 V4, 29 V4, 29 V2, 30 and 30 Vi days, respectively. It can be seen that these fairly agree with what 
is given by the other Siddhdntas. 

Thus if 125 quarter-days are left over in the year the Sun has traversed Mesa, if 125 + 126 are 
left over, it has traversed Mesa, Rsabha etc. It is obvious that its position within a rdsi is to be found 
by the proportion: If 30° are for the quarter-days of the rdsi, how many degrees for the quarter-days 
ultimately left over. 

Example l.(a). Days from Epoch 4246. Find the true Sun. (b) Find the true Sun for zero day. 

(a) Days converted into quarter-days = 4 X 4246 = 16,984. Adding 6 we get 16,990. Dividingout 
by 1461, the remainder is 919. Deducting 125, 794 is left over; Mesa is gone. Deducting 126, 668 
is Ieft over; Rsabha is gone. Deducting 126 again, 542 is Ieft over; Mithuna is gone. Deducting 126 
for Karkata, 416 is left over. Deducting 124 for Simha 292 is left over. Deducting 122 for Kanya, 
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170 is kft over. Deducting 1 19 for Tula, 51 i. left over, i„ Yrscika , i.e. 51117 of Yrscika is gone, 
i.e. 30 X 51/1 17 degrees = 13° 5'. Therefore the true Sun = 7 U 5 . 

(b) For day, + 6 = 6, quarter-days. 30° X 6/125 = 1° 26' gone in Mesa. Therefore the true 
Sun = r 1°26'. 



'^^EEP: M<fl<3HHIvM4 SRTiqT W: ||X 



True Moon 

2 Add 1936 to the Days from Epoch, and divide the Sunby 3031. Thequo- 
tient are called ghanas. Multiply the remainder by 9 and dwide by 248. The 
quotient are calledgato and the remainder are called padas. 

3 Divide the ghanas out by 1 6 and take remainder alone. Multiply this by 3, 
divide by 4 and take the result as rasi etc. Subtract this from 12 rasi and take 
the remainder. Add to this, minutes equal to twice the total ghanas. Add also 
l r 7° 29'. (The mean Moon at the end of the ghanas is got). 

4 Multiply thegatoby 185, subtract a tenth of thegatis andadd these also, 
taken as minutes. (The mean Moon at the end of the gatis is got.) It the 
number of padas is less than 124, they are called p\us-padas. If 124 or more 
1 24 padas are taken and set apart as a half-gaft. The remaining^ac^ are called 
minus-padas. (The three technical terms here, half-go<*, p\us-pada and mmus- 
pada are for use in verses 5 and 6 below.) 

The reading here, gatisastamsa is wrong, it must be either gatikasthamsa or gatyastdrnsa. . If, as we 
have said, two minutes madded per ghana, 'added', because addition is normally imphed when 



2a. A(=A1.2.)^';B(B1.2.3.)^ 
b. B/Jpit^ 

A.^TcTT for«RT 
d. B.S* 

3a. Al/W^; A2.B2.^T5^-?T* 
Bl.^"^ 

b. A.#5Rraf^r ; B.2."at^iraf^; c.*V=<fei 

c. C.Hft"5«Al.fe3 , Wnr; A2.*HT; 



B.3*rf5?FT^(B2. oT nT o ) 

d. A.^93; D. om^ C.IcTT?*? 
4a. Bl.-H^W; B2.3.^TrlTaTTO ^ 
b. Al.TRTfiraBi°; D.^ntlHBK B1.2.#5T<TT:. 
B2.^TtR 

c. B/^rato^ . d.^ohhi^ 

c-d. Bl.2. ^** 7 !^ 
d. C.TO 
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II.4 



nothing is said, then the emendation gatikasthamsa is the proper one, which we have given, (TS also 
give this). If, on the other hand, we take it that the instruction is to subtract 2 minutes per ghana, 
taking the word projjhya in the previous instruction to be understood here also, then the emenda- 
tion gatyastdmsa will be the proper one. In this case we would also have to keep the letter ta of the 
original as it is, without changing it into tha. But the addition of 2 minutes per ghana alone would 
agree with the correct mean motion for the period of our author which is in cycles etc. 110-11-7-32- 
15 for 3031 days, the Vasistha mean motion being 1 10-1 1-7-32. NP have emended the word as sasthdmsa 
which would not give the correct result. 

Example 2. Find the mean Moon for the end of the gatijust before Days from Epoch, 3,06,131. 

Adding 1 936 to Days from Epoch, the days for computation got is, 1936 + 3,06, 131 = 3,08,067. 
Dividing by 3031, the quotient 101 got are ghanas. The remainder is 1936. Multiplying 1936 by 9 
and dividing by 248, the quotient 70 aregatis. The remainder, 64, are padas. These being less than 
124, are p\us-padas, to be used in the formula of verse 6. 

Dividing out the ghanas by 1 6, the remainder is 5. This multiplied by 3 and divided by 4 gives rdsis 
etc, 3 r 22° 30'. Subtracting this from 12 rasts, 

the remainder to be taken = 8 r 7° 30' 

Add minutes equal to twice the ghanas = 101 X 2 minutes = 3 22 

Addthe ksepa = 1 7 29 

Add gatis X (185 - 1/10) minutes = 70 X 184 9/10 min. = 7 5 43 

The mean Moon at the end of the last gati 4 24 4 

5. If a half-gati has been obtained, for the sake of that half-gaft", add rasis, etc. 
6-0-4. Add also degrees equal in number to the p\us-padas or minus-padas. 
Using the p\us-padas or minus-padas, respectively, in the two following for- 
mulae, fmd the value, which is in minutes and add that also. (The true Moon 
is got). 

6. Deduct one from the plus-padas or minus-padas and multiply by 5. If 
phis-pada, add the product to 1094, multiply this sum by the p\us-padas and 
divide by 63. These are the minutes to be added. If minus^oda, subtract the 
product from 2414, multiply the remainder by the minus-padas and divide by 
63. These are the minutes to be added. 

5b. A.idcMHS^* A.^PJ; B.^T I 

c. Al.W^TW:; A2.^WI?^Rn: 6a. B1.3.°f=3fl5r 

d. Al.cTS; A2.B.C.D.&J b. B3.^T. B.tgg* 

A.tR^ B.SRnri^^cUB^ 011 ! ) d. A.B.l.%3^ct; A.T^TT 
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4 r 24° 4' 



+ 23 51 
7 21 55 



The two formulae can be written down thus: 

(i) If Pis the numberof plus-padas, {1094 + 5(P - 1)} P/63. 

(ii) If F is the number of minus-padas, {2414 - 5(P' - 1)} P763. 

Emmple 3. Continue Ex.2 andcompute the true Moonfor the days given. 
The mean Moon got in Ex. 2 to the end ofthe gati 

The/)odasobtainedare64,plus-/wwio5(P) 2 4 

AddingdegreesequaltoP = 64, 

Using lormula (i)lntended for plus^, {1094 + 5 (64 - 1)} 64/63 = 
1431 minutes 
ThetrueMoon 

Emmple 4. The Days from Epoch are 1219. Find the True Moon. 

1219 + 1936 = 3155 (= days for computation). Dividingby 3031,^ got is 1, remainder 124 
Multi P lyVg 124 by 9 and dividing by 248, thc gatis got are 4. The remamder 124 trepadas. Thts ts 
just one hali-gati and no pada is left over. 

Ghana 1X% = r 22° 30' . Deducting from 12 rasis +002 

Adding minutes 1x2 + 1 7 29 

^tp* x + 12 20 

Gatis 4, X 184 9/10 = 740 (minutes) + 6 4 

For the hali-gati, add 

6 27 25 

True Moon 

Example\5. Find the true Moon for Daysjrom Epoch, 1228. 

1228 + 1936 = 3164 (= days for computation). Dividing by 3031, ghanas got 1, remainder 133. 
MultiplytnJ by 9 and diliding by 248, the quotient 4 are theg^ got, and the remamder 205 are 
^SSSS. A h*** ( = g l 24 padas) can be taken from this, and the remammg 8 1 are mmus- 
padas. 

ghana 1 X W = r 22°30'. Deducting from \2rasis 
Adding 1 X 2 minutes 
Adding ksepa 

Gatis, 4, x 184 9/10 - 740 (minutes) 
Forthehalf-g»fi 
DegreesequaltoP' = 81' 

Using formula (ii) (as the left over are mmus-padas = P ), 2414 - 5 (81 - I) 
81/63 = 2589 mts. 

True Moon 

The following is the explanation of the processes: The true Moon at a given time t is: (i) the : rnean 
Moon at l plus |) the eqLion of the centre for t. (i) is given here m five parts. We shall call them 
(a), (b), (c), (d), (e) which are to be added up to get the total mean Moon. 
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II.6 



(a) (Usually called the Mula-dhruva or Ksepa) is the mean Moon at a point of time 1 936 days 
before the Epoch, when the Moon's apogee and the mean Moon exactly coincided according to this 
Siddhdnta. This is given as sasi-muni-navayamds ca rdsyddydh, i.e. V 7° 29'. 

(b) is the mean motion during whole numbers of cycles of 303 1 days from the point of time 1 936 
before Epoch, each cycle equal to 1 10 anomalistic revolutions of the Moon. This (b) is found by 
multiplying the mean motion per cycle (110 revolutions, 11 rdsis, 7 degrees, 32 minutes) by the 
number of cycles, called ghanas, obtained as quotient, by dividing the Days from Epoch plus 1 936, 
by 3031. As full revolutions can be neglected, it is enough if we multiply the ghanas by 11 rdiis 
7 degrees 32 minutes, which may be done as ghanas X 2' + ghanas X ll r 7° 30'. Ghanas X 2 is given 
by dvigunaghandh kaldh (yojydh). Because 16 ghanas X ll r 7°30' equals 15 full revolutions, it is 
enough if we divide out the ghanas by 16 and take the remainder alone for multiplication (for we 
shall be neglecting only full revolutions), which we are asked to do by ghanasodasahrta-sesam. As 1 l r 
7° 30' is 3 A rdsi less than a full revolUtion, we can multiply the remainmg ghanas by 3 A rdii and take 
this as subtractive, which we are instructed to do by projjhyadhas trigunitam caturbhaktam bhddi (rdsyddi.) 
Thus b is disposed of. 

(c) is the mean motion during the subsequent full anomalistic revolutions called gatis, which form 
the quotient got by dividing the remaining days by the anomalistic period, 248/9 days, (i.e. multi- 
plying the days left over by 9 and dividing by 248). For each gati the mean motion is 1 revolution 
and 184 9/10 minutes (which can be obtained by dividing the motion per ghana, viz. 110 rev. 1 l r 7° 
32' by thenumher oigatisinaghana, viz. 3031 X 9/248). HencetheruIetomultiplythegaJisby 185' 
and deduct minutes equal to 1/10 of the gatis. This is given by visayadhrtayo gatighnd gatikdsthdm- 
sunitdh kaldh yojydh. 

(d) What are now left of the days are ninths of days called/ww/as (and these obviously would be 

209 209' 
less than 248). The mean motion per pada is 1 degree 27 minutes, and so padas X 1° 27 -5-^ 

should be added to complete the mean motion till /. Of this, the Siddhdnta asks us to add 1° per pada 
first, which is given by sesapodasamdscdmsdh (yojydh). This forms d. 

209 

(e) The residue 27 ^jg- minutes per pada, forming (e), is combined with the equation of the 

centre (ii) and given by the two formulae of II.6. If thepadas cohtain a hali-gati (i.e. 124 padas) the 
value of (d) + (e) + (ii) for the haH-gati part is combined together and given as 180° 4'. This is got 
as lollows. As the hali-gati is equal to 1 24 padas, d = 124°. (e) + (ii) given by the first formula of II. 6 
is: {1094 + 5(124 - 1)} 124/63 = 3364' = 56°4'; 124° + 56° 4' = 180" 4' = 6 rdsis 4 minutes, which 
is given by gatyardhe bhagandrdham deyam liptdcatuskasamyuktam and which instruction has so 
much puzzled TS. But, of course, this is incorrect and the defect lies in the equation of the centre- 
part of the formulae in II.6, which give zero-value for the equation of the centre not at 124 padas, 
but at 133 padas, as we shall show presently. 

We shall first explain II.6 by showing how the formulae here combine the residual mean motion, 
viz. padas X 27 209/248 minutes (= e) with what is identitiable with the equation of the centre (= 
ii). The equation of the centre of the Vdsistha is peculiar. Usually in the Siddhdntas the equation of 
the centre varies as the sine of the anomaly, and therefore is zero at zero degree anomaly, going to 
a minimum at 90°, again rising to zero at 180°, then going to a maximum at 270°, and then falhng 
to to 360°, i.e. zero°. Thus it is negative in the first two quadrants and positive in the third and 
fourth quadrants and of the form, '— a sin 0, where 'a' is the maximum or minimum numerical 



U q II. VASISTHA-SIDDHANTA 31 

value, and is the anomaly. Note that this is the first term of the series for the equation of the 
centre in modern astronomy, with its sign reversed, and the reversing is necessary because the ano- 
maly was reckoned by the ancients from the apogee, not perigee. But in the Vasistha it is of the torm 
- (665 - 5P) P/63 for the tlrst two quadrants and + (665 - 5P') P763 for the last two. These are 
derivable from the equation for the Moon's daily true motion given in III.4, (as we shall show 
there), whieh assumes the increase or decrease of motion as uniform. Here we shall assume them 
and derive the two formulae of II.6. 

As said before, (e) + (ii) is given by the formulae and (ii) is - (665 - 5P) P/63, for the first formula. 
Therefore (e) + (ii) = 27 209/248 P - (665 - 5P) P/63 
= (63 x 27 209/248 - 665 + 5P) P/63 
= (1754 - 665 + 5P) P/63 
= (1089 + 5P) P/63 

= { 1094 + 5 (P - 1)> P/63, which is the first formula. 

For the second formula (ii) is + (665 - 5P') P763. 
. (e) + (ii) = 27 209/248 P' + (665 - 5P') P763 
= (27 209/248 P' x 63 + 655 - 5P') P763 = (1754 + 665 - 5P') P763 
= (2419 - 5P') P763 = {2414 - 5 (P' - 1)} P763 which is the second formula. 

We have already shown how for the half-gafo 6 r 0° 4' is got instead of the mean motion 6 r 1° 32 W. 
This means that there is in this an equation of the centre equal to - 88 W, combined with it. So, 
when the equation of the centre given by + (665 - 5P') P763 = + 88 V2, then it is actually zero 
according to this Siddhdnta. Solving this equation, we get P' = 9 or P' = 124. As P' is mmus-pada, 
which is the original padas got less 124, we get that the equation of the centre actually becomes zero 
at original padas, P= 133, and P = 248. As P = 248, is the end of the gati, this is what we expect, as 
the anomaly has again become zero. 

Also, by computation or examination we can get from the equation of the cyclic part of the for- 
mula for the first haM-gati, - (665 - 5P) P/63, the numerically greatest value of the negative equa- 
tion of the centre, which is - 351', for P = 66 W In the same way, from that the formula for the 
second haK-gati, + (665 - 5P') P763 we can get the maximum + 35 1 ', for P' = 66 Va ; but as there 
is a residue of — 88 W m the second h<Ai-gati, 35 1 ' — 88 W = 262 W is the actual maximum. The 
numerical mean is 307' which, we see, is very nearly equal to that of the other Hindu Siddhdntas. 

It is not that VM does not know that zero equation of the centre must occur at P = 124, and not 
at 133, for in his own Romaka and Saura it is so. Nor is it difficult for VM, a master in the science, 
to give the two formulae so as to have the equation of the centre zero at P = 124, (so that for a half- 
gati we get the correct 6 r 1° 32 W), retaining, at the same time, the equation of the centre desired 
hy him. If he had grven the two formulae in the form (1 134 + 5P) P/63, and (2374 - 5P') P763, he 
could have secured this. But adherence to the Siddhdnta has prevented him from doing this. So 
closely does he follow the original that he does not even give the two formulae in the more 
simplified forms, (1089 - 5P) P/63, and (2419 - 5P') P763. 

The following things are to be noted in connection with this Siddhdnta. Of both the Sun and the 
Moon, the mean motion and the equation of the centre is mixed in a peculiar manner and thereby 
the true motion is given. We shall see that it is the same in the case of the Paulisa also. 

The period of 3031 days called ghana here is the same as what is called kdldnala in the Vdk- 
yakarana, which gives for this period, the mean motion, 1 l r 7° 3 1 ', neglecting full revolutions. The 
number 248 given here is there mentioned as devara. 
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We can see that the remark in 1.4 about the tithi of the Vdsistha being very incorrect is appropriate, 
but it can be shown that it is not due to the error in the Moon, but in the Sun, whose sidereal year 
is taken as 365-15-0 days. The Moon's motion for 3031 days is in cycles etc. 110-11-7-32 = 110 
5063/5400 cycles. In one day the motion is 110 5063/5400-5-3031 = 5,99,063/ (5400 x 3031) cycle. 
In one day the Sun's motion is 1/365 l A = 4/1461 cycle. The relative motion, i.e. their separation 
per day is 5,99,063/(5400 X 3031) - 4/1461 cycle. The time taken for a separation of one cycle, i.e. 
the synodic month, is in days, 1/(59,90,63/(5400 X 3031) - 4/1461} = 1461 X 3031 X 5400 + 
(1461 x 5,99,063 - 4 x 5400 x 3031) = 7,97,09,23,800 -i- 26,99,20,481 = 29 - 31 - 50 - 17 - 38. 
But the correct synodic month computed for the time near that of our author is 29 - 31 - 50 - 7 - 
47. Therefore in successive synodic months the tithi comes later by days etc. 0-0-0-9-5 1 , according 
to Vdsistha. In about 29 Vfe years this will accumulate to one nddikd. This is bad indeed, and merits 
VM's remark in 1.4 taditarau duravibhrastau (i.e., 'The tithis of the other two have slipped far 
away from the real'.) 

Now, we have seen that according to this Siddhdnta the mean Moon moves revs. 1 10-1 1-7-32-0, 
while the real motion for the period is revs. 1 10-1 1-7-32-15. Therefore in 3031 days the Vdsistha 
naksatra is delayed by a little more than one vinddi. So a delay of one nddi is caused in 440 years only. 
So the delay of one nddi in the tithi per 29 Vfe years mentioned above, must be due almost wholly to 
the error in the Sun, the result of giving the time per cycle as 365-15-0 days. 

Again, in every 303 1 days, the Vdsistha Moon lags behind the correct one by 1 5". A lagging behind 
by one degree will takeplace in 3031 X 60 x 60 -s- 15 days, i.e. in about 2000 years, a very long period 
indeed. Bearing this in mind, we shall try to answer the question already raised, viz. whether the 
Vdsistha Sun and Moon are given for sunrise at Ujjain or sunset at Yavanapura; and, incidentally, 
we shall show that the ksepa, 1 r 7° 29' given by sasi-muninavayamdJca rdsyddydh and obliterated by TS 
by their drastic emendation asyama-hrtds ca is necessary in II. 3. 

The /ollowing is the mean Moon for Epoch (viz. Saha 427 elapsed, i.e. in A.D. 505), sunset, at Yavanapura, 
beginning Monday, Caitra Sukla being about to begin. 

i. Computed for the period according to modern astronomy, assuming the ayandmia to be practically 
for the time 354° 48' 

ii. According to Saura 355° 6' 

iii. According to Siddhdnta Ĕiromani 355° 41' 

iv. According to -RowioAa 356° 12' 

v. According to Vdsistha, assuming that the mean Moon is given 

for Ujjain sunrise 355° 6' 

-do- -do- for sunset at Yavanapura 346° 54' 

-do- Ujjain sunrise, without Ksepa 3 1 7° 37' 

-do- sunsetatYavanapurawithoutAs«^a 309° 25' 

(For use by anyone interested in making the calculations himself, the Kalidina etc. of Epoch is 
13,17,122-37-20. Also, the Epoch is 5,09,432-22-40 days before mean sunrise at Ujjain of the first 
January 1900). 

An examination of the table will show that the Vdsistha Moon agrees with that of every other fairly 
well, taking it as being given for Ujjain sunrise, and taking that the ksepa is given. If, on the other 
hand, it is assumed that it is given for sunset at Yavanapura, there is & difference of about 8°, which 
can happen only in 1600 years, which is very very unlikely; for this to happen the Vdsistha should 
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have been written 1600 years earlier. If there is not the ksepa, the difference is 37°, an impossible 
thing, not to speak of the assumption that it is for Yavanapura sunset and there is no ksepa, both 
together which will make the difference 45° and worse. Hence the Vdsistha epoch is definitely at 
sunrise at Ujjain and not at sunset at Yavanapura (Alexandria). 

We have shown the ksepa necessary. But TS have emended kalah dvigunaghandh, sasi-muni- 
nauayamds ca rdsyddydh (verse 3) into phalaih dmgunaghanah sasi-muni-yama-hrtds ca rdsyddydh and 
spoiled the already correct reading and introduced two extra syllables in the last foot, which spoils 
the dryd metre too. (It must be noted that already there are 16 mdtrds in the last foot, i.e. one mdtrd 
extra, which can be explained away or corrected by reading rdsyddydh as rdsyddi.) 

One another point: TS have expressed their inability either to interpret II.6 or to explain why 6 r 
0° 4' is to be added for a haH-gati (vide Com, page 9). But still thinking II.6 gives the pure equation 
of the centre , the commentary goes on : arthdt veddrkdlpa-padesu rnam, adhikesu dhanam iti buddhimad- 
bhih svayam eva uhyam, i.e. "It goes without saying that when the padas are less than 124, the result 
is subtractive, and when more it is additive", which is wrong for we have seen that the result of both 
the formulae are additive. Moreover, the failure, both by TS and NP, to realise that the expression 
'rdsyddydh' specifically instructs that the digits in sasimuninavayama are to be taken as 'beginning 
from rdsi', i.e. as l r 7° 29' and not as a whole number 2971 (TS) or as "2 r 9;7, 1°" (NP) have led to 
incorrect interpretations by them; also, the Notes of NP (vol. II, pp. 16-19) and the deductions made 
(p.19) have to be revised in the light of all that has been stated above. 

on3>^H f^W33^t [dfa*d&dc<hh : || 

Naksatra and Tithi 

7. Divide the True Moon by 4 and multiply by 9. What we get in the rasi 
column is the naksatra. What is got in the degree column are the muhurtas. 
Deduct the true Sun from the true Moon, divide the result by 2 and multiply 
by 5. Tithis are got in the rasi column and thirtieths of tithis in the degree column. 

As the 27 naksatra-segments are divided into the 12 rdsi - segments, there are 2V4 = 9/4 naksatras 
per rdsi. Hence the instruction to divide the rdsis by 4 and multiply by 9 to get the naksatras. As 
degrees are thirtieths of rdOs, the resulting numbers in the degree column are thirtieths of 
naksatras, called muhurtas by this Siddhdnta. It must be noted that the word muhurta originally meant 
the 30th part of a naksatra, but later came to be applied to the 30th part of a day as well, because 
both are practically the same in duration. 

The interval of longitude between the Sun and the Moon is the tithi, 12° forming one tithi, i.e. 
there are 2 Vfe = 5/2 tithis per rdsi. Hence the instruction to divide the rdsis by 2 and multiply by 5 
to get the tithis. 

7a. A.-?T?1T^T; B.^IW^HPrt 
b. A.iWt^I; B.^W^BS.^-^T^Trta 
d. A.tcrf8T^S° 



34 pancasiddhAntikA II. 7 

Example 6, The true Sun is 10 T 18°, and the true Moon is 5" 22°. Find the naksatra and the tithi. 

Naksatra: The Moon is 5 r 22°. Dividing by 4, (5 r 22°)/4 = l r 13°. Multiplying by 9, 9x l r 13° = 12 
- 27, i.e. twelve naksatras have gone and in the 13th, (Hasta), 27 muhurtas have gone. 

Tithi: Moon - Sun = 5'22° - 10 r 18° = 7 r 4°. Dividing by 2, (7 r 4°)/2 = 3 r 17°. Multiplying by 5, 
3 r 17° X 5 = 17-25. Seventeen tithis are gone and in the eighteenth (Bahula Trtlya) 25/30 parts 
have gone. 

Day-time 

8. WhentheSun is in the 3 rdsis, Makara etc, the Sun measured in rdsis plus 
three is the duration of day-time in muhurtas. When it is in the 3 rdsis, Mesa 
etc, the Sun plus fifteen is the duration of day-time. When in the 6 rdsis, 
Karkataka etc, the Sun plus nine is the duration of the night-time. (To get the 
duration of the day-time, this should be subtracted from 30). 

Though no measure of time is mentioned here, we can infer that it is the muhurta (2 nddis) 
because by adding the shortest day, 12, and the longest, 18, we get 30 which must be equal to the 
whole day, i.e. 60 nddikds. 

Thus, for the Sun at the beginning of each rdsi, Mesa etc, the day-time in muhurtas is 15, 16, 17, 
18, 17, 16, 15, 14, 13, 12, 13, 14. The longest day is 18 muhurtas when the Sun is at the first point 
of Karkataka (Cancer) at Summer solstice and the shortest 1 2 muhurtas when at the first point of 
Makara (Capricorn) at Winter solstice. The day and night are equal at the first points of Mesa 
(Aries) and Tula (Libra), i.e. at the equinoxes. The daily increase or decrease in day-light is 4 vinddis 
per day. In essence, the same formula for day-light is found in the Veddnga Jyotisa and the Paitdmaha 
Siddhdnta (PS, XII.5),with th : s difference that here the true Sun is used, but there, because they 
have no true Sun but only thc mean Sun, the day which is proportionate to the mean Sun, is used. 

Evidently not understanding what is given here, TS have made a drastic change in the text, writing 
bhusuarga-tithimito for mesddau tithiyuto, intending to make this agree with the next verse giving the 
noon-day shadow. But, even within that verse, there is contradiction and this need not have been 
attempted, at such cost. To crown all their interpretation with their emendation is full of contradiction 
within itself, which has been set out in detail by me in a paper entitled 'Vasistha Sun and Moon' in the 
Journal of Oriental Research, 25 (1955-56) 19 —41. 

The uniform increase and decrease in day-time given here is wrong, of course, and it varies with 
the position of the Sun, being greatest at the equinoxes and falling to zero at the solstices. The 
maximum or minimum day-time itself varies with the latitude of the place (depending on tan. 
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latitude), what is given here being for some place having a North latitude of 35° 45'. (This matter 
is dealt with in the text in III. 10 and IV.26). 

The rules for day-time is explained thus: From the beginning of Makara to the end of Mlna 
the Sun in rdsis increases from 9 to 12. The day-time also increases following it, from 12 muhurtas 
at winter solstice to 15 at Equinox. As (9 to 12) + 3 = (12 to 15), the instruction to add 3 for 
the Sun in this quadrant follows. In the same way, from the beginning of Mesa to the end of 
Mithuna, the Sun in rdsis increases from to 3. The day-time increases from 15 at Equinox to 18 
at summer solstice. (0 to 3) + 15 = (15 to 18), and this explains the addition of 15. As there is the 
maximum day of 18 muhurtas at summer solstice, there is the minimum night there, of 12 muhurtas. 
This increases to maximum night, 18 muhurtas for Sun at the beginning of Makara, 6 months after. 
As a result, as the Sun's rdsi increases from 3 to 9, the night increases from 12 to 18. (3 to 9) + 9 = 
(12 to 18) and this explains the addition of 9 (three times three). 

Example 7. Give the day-timefor the Sun at the beginning of: (i) Rsabha, (ii) Kumbha and (iii) Kanya. 

(i) The Sun is in the quadrant to 3 rdsis. The beginning of Rsabha is one rdsi. Therefore 1 + 
15 = 16, muhurtas, is the day-time. 

(ii) The Sun at the beginning of Kumbha is 10 rdsis. This is in the quadrant 9 to 12. Therefore 
10 + 3 = 13, muhurtas, is the day-time. 

(iii) The Sun at the beginning of Kanya is 5 rdsis and is in the 6 rdsis 3 to 9. Theretore 5 + 9 = 
14, muhurtas, is the night-time. Deducting from 30, 30 - 14 = 16, muhurtas, is the day-time. 



Gnomonic Shadow 

9. When the Sun is in the six rasis beginning with Karkataka, the number of 
rasis traversed from the beginning of Karkataka, multiplied by 2, is the mid- 
day shadow (of the twelve-digit gnomon) in digits. When the Sun is in the six 
rdsis beginning with Makara, find the distance in rasis traversed by the Sun 
from the beginning of Makara, and multiply by 2. Subtract this from 12, to 
fmd the mid-day shadow. 

10. When the Sun is in its southward-course, (i.e., in the six rdsis from 
Karkataka), half the mid-day shadow/>te three is the longitude of the Sun m 
rasis. When in the northward course in the six rdsis from Makara, half the 
noon-shadow subtracted from fifteen is the Sun in rdsis. 

d. A.B.C.D.PF^lfWT. A.H^dl^^ 
9a. Al.^fe%B2°% B."q* B. ^d l ^l ^ 
b. A.Bl.*?«ifcTt A.*to?I 10a. Al. °^Hll 

c. Al.W^; A2.^T^ d. B.W^t 
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Emmple 8. (a) On a certain day the Sun's longitude is 5 rdsis. (b) On another day it is tasis 11-15. In both 
cases jind the mid-day shadow. 

(a) The Sun is 5 rdsis and is within the six rdsis from Karkataka, being 2 rdsis from the beginning 
of the first point of Karkataka (i.e. 3 rdsis). So, 2x2 = 4 digits is the shadow. 

(b) The Sun's longitude is rdsis 11-15. This is within the six rdsis from the first point of Makara 
(9 rdsis), the Sun's position being 1 l r 15° - 9 r 0° = 2 r 15° = 2 V2 rdsis from that point. 12 - (2 Vs> X 
2) = 7 digits is the noon-shadow, 

Example 9. (a) The Sun is in its southward course and the shadow is 4 digits. Find the longitude of the Sun. 
(b) The Sun is in its northward course and the noon-shadow is 7 digits. Find the Sun. 

(a) Half the shadow = 4/2 = 2. As the course is southward add 3 rdsis; the Sun's longitude is 
5 rdsis. 

(b) Half the shadow = 7/2 = 3 V2. As the Sun's course is northward, deduct from 15. 15 — 3 V2 
= 1 1 V2 rdsis. This is the longitude of the Sun. 

From the two sets of examples it can be seen that the two formulae are the inverse of each other. 

The formulae are explained thus: This Siddhdnta assumes that the noon-shadow is zero when, at 
the end of its northward course, it reaches the first point of Cancer. Then as it moves southward, 
the shadow increases to 12 digits at the end of thecourse, i.e. after 6 months, when the Sunreaches 
the first point of Capricorn. Assuming the increase to be uniform, there is an increase of 2 digits 
per rdsi. As the shadow is zero for the first point of Cancer, the longitude in rdsis measured from 
this point, multiplied by 2 gives the shadow. Thus, if c is the Sun in rdsis measured from the first 
point of Cancer and s is the shadow in digits, s = 2c for the 6 months till the Sun reaches Capricorn, 
where the shadow is 6 X 2 = 12 digits. Then the shadow decreases at the same rate to zero at the 
first point of Cancer, in the course of 6 months. Therefore if c is the Sun measured from the first 
point of Capricorn, when the shadow is 12, and s the shadow, then s = 12 — 2c. 

Now for the longitude of the Sun from the noon-shadow. We have seen that for the six rdsis from 
Cancer, s = 2c. Therefore c = s/2. But c is counted from the first point of Cancer, i.e. 3 rdsis. There- 
fore the Sun's longitude in rdsis is 3 + c = 3 + s/2, which is the same as the instruction to divide the 
shadow by 2 and add three rdsis. For the six rdsis from Capricorn, we have seen that s = 12 — 2c. 
Therefore c = (12 — s)!2. Butc is counted from the first point of Capricorn. i.e. 9 rdsis. Therefore 
the Sun = 9 + c = 9+(12- s)/2 = 15 — s/2, which is the instruction given. 

It must be noted here that both the formulae are very rough. At summer solstice, when the Sun 
is at the first point of Cancer, its north declination is maximum and given by Hindu astronomy as 
24°. At that time, the mid-day Sun is at the zenith at places on 24° north latitude (like the region of 
Ujjain) and so it is only in this region that the shadow is zero at this time. When the Sun reaches its 
southernmost point at winter solstice, i.e. the first point of Capricorn, its south declination is 24°. 
Therefore the zenith distance of the noon-Sun as seen from latitude 24° North at that time must 
be 48° towards the South, and the shadow at that time must be greater than 13 digits and not 12. 
(All this will be shown in Chapter IV). If the shadow is to be 12 digits, the Sun's zenith-distance must 
be 45° and the region where the Sun is seen at this zenith-distance is 2 1° North latitude. Thus there 
is contradiction even here. In verse 8, we showed that the rule is intended for a region having about 
36° North latitude, neither 24° nor 21°. Thus, so far as these things are concerned, the Siddhdnta 
seems to be a hotch-potch. 
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Lagna from shadow and vice versa 

1 1 . Add 1 2 to the shadow (of the twelve-digit-gnomon, measured in digits) at 
any time of the day, and deduct from it the mid-day shadow for the day. 
Divide 36 by this and take the result. This result taken as rdsis, plus the Sun in 
rdsis is the lagna at the moment, if it is forenoon. If afternoon, deduct this 
from the Sun plus six rdsis and the lagna is got. 

The formulae (a) for the forenoon and (b) afternoon respectively can be expressed thus: 
(a) Lagna - Sun + 36/(12 + shadow - noon shadow). (b) Lagna = Sun + 6 - 36/(12 + shadow - 
noon shadow). 

What is called lagna is the Orient Ecliptic Point, i.e. the point of the ecliptic rising on the eastern 
horizon. 

Example 10.(a)Ona certain day, the Sun is 9 rdsis and the mid-day shadow 12. At a time in the morning 
the gnomonic shadow is 36. Find the lagna for the moment. (b) On a certain day, the longitude of the Sun is 6 
rdsis and the noon-shadow 6 digits. At a tme in the evening the gnbmonic shadow is 24 digits,find the lagna 
for that moment. 

(a) From formula (a), Lagna - 9 + 36/( 1 2 + 36 - 1 2) = 9 + 1 = 1 0, rdsts. Hence the first point of 
Kumbha is rising in the east. 

6 24 

(b) From formula (b), Lagna = 6 + 6 - 36/(12 + 24 - 6) = 12 - 1 ^ = 10 ^rdsis. Hence 

the 25th degree of Kumbha is rising in the east. 

These rules are rough and there is no question of strictly proving them. But we can explain them 
thus. From sunrise to noon, as the altitude of the Sun increases, the lagna goes on increasing and 
the shadow decreasing, till it is shortest at noon. Therefore the increase in lagna can be roughly 
expressed as, a/(shadow + b), where a and b are constants to be determined. Now, if the place is 
supposed to be situated on the equator, and the ecliptic on which the Sun moves is supposed to 
coincide with the celestial equator, then at noon the shadow will be zero. At that time the increase 
in lagna (after sunrise) would be 3 rdsis, as the Sun has reached an altitude of 90°. Therefore 3 = 
o/(0 + b). Again, seven and a half nddis after sunrise, the Sun would have risen to an altitude of 45°. 
So the increase in lagna now is 1 Vfe rdiis and the shadow is 12 tan 45° = 12 digits. Therefore, 1 1 /2 
= a/(12 + b). Solving these two equations for a and b we get a = 36, b = 12. Thererorĕ the increase 
in lagna is 36/(shadow + 12), of course, on the given two assumptions. But the place may not be on 
the equator and the ecliptic does not coincide with the celestial equator and the Sun moving on it 
has a varying deJination, with the result that generally the noon-shadow is not zero. According to 
the length of the noon-shadow at other times also there will be an increase in the shadow over what 
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it would otherwise be, for which the rule has been formulated. As the deduction of the noon- 
shadow for the day of observation from the shadow would, to some extent, remove this extra length 
of shadow and bring about an approximation to the ideal condition, the noon-shadow is asked to 
be deducted from the shadow in the formula. Therefore the increase in lagna is given by 36/ 
(shadow — noon shadow + 12). As at sunrise the Sun is the lagna, adding the increase to the Sun 
we get the lagna, i.e. lagna — Sun + 36/(12 + shadow — noon-shadow). This is for the forenoon. 

In the afternoon, what happens in the forenoon with reference to the shadow is reversed, and 
therefore the rule gives the part of the lagna to increase from the time of observing the shadow to 
sunset. So, it is less than the lagna at sunset by what is got from the formula. But the lagna at sunset 
is the Sun plus six rasis. Therefore the formula for the afternoon becomes: Sun + 6 — 36/(12 + 
shadow — noon-shadow). Again let it be remembered that the rules are rough. 

<*>i4v^: ^i^iw^^^wih' II w !l 
?m £kvi$h wi^i^i um^TbH | 
w fci^n wm cufay*wiuR4«&i^ ll^ II 

12-13. Deduct the Sun from the lagna and convert the remainder into 
minutes of arc, if forenoon. If afternoon, deduct the minutes from a half 
circle, (i.e. from 10,800 minutes), and take these as minutes. Divide 64,800 by 
the minutes got. Add the result to the noon-shadow of date and deduct 12 
from this. This is the shadow at the time of the given lagna. This is according 
to the succinct Vdsistha Siddhdnta. 

The formula (a) for the forenoon, and (b) for the afternoon, respectively, are: (a) shadow = 
{64,800 + (lagna - Sun, in minutes) + noon-shadow - 12}. (b) shadow = 64,800 -5- {10,800 - 
(lagna — Sun, in minutes)} + noon-shadow — 12. 

Example 11. (a) On a certain day at a time in tke /orenoon, the Sun is 9 rdsis and the iagna 10 rdsis and 
the noon-shadow of date is 12 digits. Find the shadow for the time. (b) On another day,for a time in the after- 
noon, the sun is 6 rdsis and the lagna 10 rdsis 25 degrees and the noon shadow of date is 6 digits. Find the 
shadow. 

a] Using rormula (a), shadow = 64,800 -5- {(10 - 9) X 1800} - 12 + 12 = 36 digits. 

b] Using formula (b), shadow = 64,800 -5- {10,800 - (105/6 - 6) x 1800} - 12 + 6 = 64,800 - 
(10,800 - 8640) - 12 + 6 = 64,800 2160 - 12 + 6 = 30 - 12 + 6 = 24 digits. 

These formulae (a) and (b) can be derived from the previous formulae (a) and (b) of verse 1 1 , for 
these are only the inverse of the previous operations. 

12a. B3.fcMT 

b. A.3B^WTA.iW*RII^B.^rail 13 - Al.«?l*;A2.*W.B5.fel 

Bl/*H*fo; B3.^ I b. A.B.HITO B.W^ 

c. A.B.TO*:<B3.***0 d. A2.^;B1.2.*lftW;BS.*ftW 
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The previous (a), is: lagna = Sun + 36/(12 + shadow - noon-shadow). Therefore, lagna - Sun = 36/ 
(12 + shadow - noon-shadow). Therefore S6/(lagna - Sun) = 12 + shadow - noon-shadow. There- 
fore, shadow = 36/(lagna - Sun) + noon-shadow - 12, where it is to be noted that (lagna - Sun) 
is inrdsis. If it is to be expressed in minutes, we have, shadow = S6/(lagna - Sun) X 1800 +■ 1800 
+ noon-shadow - 12 = 36 x l800/(lagna - Sun) in minutes + noon-shadow - 12 = 64800/(lagna 

- Sun) in minutes + noon - shadow - 12, which is (a) here. 

The previous (b) is: lagna = Sun + 6 - 36/(shadow + 12 - noon-shadow). Therefore 36/(shadow 
+ 12 - noon-shadow)= Sun + 6 - lagna = 6 - (lagna - Sun). Therefore 36/{6 - (lagna - Sun)} 
= shadow + 12 - noon-shadow. Therefore shadow = 36/{6 - (lagna - Sun)} + noon-shadow - 12, 
where (lagna - Sun) is in rdsis. If it is-to be expressed in minutes, we have, shadow = 36/6 - { 6 - (tagna 

- Sun) x 1800 + 1800} + noon-shadow - 12 = 36 X 1800/{6 x 1800 - (lagna - Sun) in minutes} 
+ noon-shadow - 12 = 64,800/{ 10,800 - (lagna - Sun) in minutes} + noon-shadow - 12, which 

is (b) here. 

The concluding words, Vdsistha-samdsa-siddhdnte, though forming a part of the sentence giving 
the rules of verses 12-13, may be detached from it and taken to refer to the whole chapter II and 
mean 'All this is given as in the succinct Vdsistha Siddhdnta'. 

The word, naksatrddkchedah is found at the conclusion in the manuscripts. Perhaps it is, nahsatrd- 
dhkchedah, meaning 'Naksatra section' and the title is appropriate because this is the chief thing 
given here and other things depend on it. 

Thus in this chapter the true Sun and Moon are given according to the Vdsistha and also other 
matters depending on them like the naksatra, the tithi, day-time shadow and lagna. (The star planets 
i.e. the regular planets, of this Siddhdnta will be given in XVIII.) 

TS have professedly not understood verses 1 , 5 and 6 and gone wrong in yerses 3 (and 8), which 
means they have practically not understood the Siddhdnta at all. Thibaut even thinks that verse 1 
may be dealing with the Moon. But this professed ignorance did not prevent him from making the 

unwarranted remark in the Introduction (vide p. XXXVIII) "the methods are so crude and so 

completely omit to distinguish between mean and true astronomical quantities, that the Vasistha 
Siddhanta can hardly be included within Scientific Hindu Astronomy." 

A.B. haveasColophon,^3Plfcifc:; C.D.^tt: | 

Thus ends Chapter Two entitled 'Vasi§tha-Siddhanta: Planetary 
Computations etc.' in the Pancasiddhantika composed by 

Yarahamihira 



Chapter Three 
PAULlSA-SIDDHANTA — PLANTERY COMPUTATIONS ETC. 

MlR^lR^M: — ^lf^ l fu i d*| 

Introductory 

This chapter is a compendium of the part of the Paulisa Siddhdnta dealing with the Sun, Moon 
and Rahu. It has already been mentioned that the original Paulisa is now lost, perhaps for ever. 
This and the Saura are the only Siddhdntas dealt with by the author in full, the others being scrappy. 
For some reason not known to us, at present the Paulisa is mixed up with the Vdsistha, for, the mean 
Moon, together with its peculiar technical terms pada, gati and ghana are used here, without 
mentioning how they are got. The formula for the Moon's daily true motion, which patently 
belongs to Vdsistha has strayed into this chapter, another evidence of their being mixed up. In this 
chapter the Sun, the Moon and Rahu, the methods of computing the daily naksatra, tithi and karana, 
the twoyogas vyatipdta and vaidhrti, the day-Hght in any given place in India, and certain hoty days 
necessary for religious observations are dealt with. 

'T^^BlgrliyM^WST ^Mir^^^grll^l^^:' | 
^^^1^^TT^:%^ ^^ l iV » *i l[ 3 || 
'MchKyir^gM^' 'wjtar wfcT:' '^'^STW | 
^ra^> M ^(^>)%'^ $PT: ^TT: ^>-sWlvWHI : || 3 || 

^r* 'M^ i ^ch * *w^ f 'mi&^tim ' ^ 'hcim^h ' I 

TrueSun 

1. Multiply the days from Epoch by 120, deduct 33 and divide by 43,831. 
The mean Sun in revolutions, ra$is etc. is obtained. Add 20° to this mean Sun. 
What is called kendram is got. 

2-3. For the first six rdsis of kendra there are the following six quantities: 11, 
48, 69, 70, 54 and 26, all deductive and in minutes. For the next six rdsis are 
the following: 10, 48, 70, 71, 54 and 25, all additive and in minutes. (If these 
are taken one after another according to rasis of the kmdra gone and) applied 
to the mean Sun, it becomes true Sun. 
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In short, these twelve quantities are intervals of tbe couation of the centre for ^^Jj* 
tendra the word being used in a peculiar sense here, and not the usual one of mean anomaly. The 
tut^eaL^^ ^eanin^e^ndtherebytheeKcessorone 
yllable in the foot also gets corrected. TS and NP have emended it as rmksakrtt, meamng 25, which, 
bytforntsee^tobe^ 
syllable. 

Emmple l . (a) Find the true Sunjor daysfrom Epoch 690. (b) Compute the true Sun at Epoch. 
(*\ MultioMne the days 690 by 1 20 and deducting 33, we have, 690 X 120 - 33 = 82,767. Dividing 
hv % £^voU.to *ot is 1 and remainder 38,936. Multiplying this by 12 and div,dmg by 

or[ "e^s 19. The remainder 34,87 1 multiplied by 60 and djjW^ £^ 

20° = ra. 10-19-48 + 20 - ra. _ 54 _ 26 , +10, +48, +70, +71, +54, +25 x 

theminutestobeapphedare, -11,-48, oy, /u o*. ' ' s is 1Q r ly o 48 < 

9° 48730°, which added together is - 17. Applymg th.s to the mean Sun, the true Sun xs 10 48 

-17' = 10 r 19°31'. 

(b) At Epoch the days are zero. Therefore x 120 - 33' = -33. Mean Sun = -33/43,83 , 1 revolu- 
tion = 11 : 12 x 30 x 60/43,831 minutes = -16' = 11' 29" 44', (since cycles of 12 r^can be 
tions a ii oyj f , t or fe ^ rom 1S gone and 

added or omitted). Kendram = 1 1 29 44 + ^O U 1» vt i * 
there are 19° 44' in the first raH, the minutes to be apphed are: - 1 1 X 19 44 /30 / . true 
Sun = ll'29°44'-7' = 11' 29° 37'. 

30° - 60°, 60° -90°, 90° - 120° etc. (vide Table) 



3. QuotedbyUtpalaonBS2,p.40. 

la. A. - rlRH 
b A-^^TR^. Al.^lRT 
c. A.iai; B1.2-WT; BS.f*. A.swiM; 
B3.*HI&lJfil 

d. BL^^rrgr^jD.^nm: 
2a. B2.^rrg 



b. B."?T^f^ 

c. Al.^&Ml A^.l 1 ^?*»; B.OT^W; 
d. A.W 

3a. Al.W- Al.D.^raRr: 
c. B. haplographical omission of-HKi(n. 
A.B.t^H^T 
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Kendra 


0° 




30° 




60° 




90° 




120° 




150° 




Mean Sun 


340° 




10° 




40° 




70° 




100° 




130° 




Values for intervals 




-ir 




-48' 




-69' 




-70' 




-54' 




-26' 


Real Anomaly 


264° 




294° 




324° 




354° 




24° 




54° 




Values taking 140' 
as maximum 




-12.9' 




-45.6' 




-67.7' 




-71.6' 




-56.3' 




-26.0' 















180° 




210° 




240° 




270° 




300° 




330° 




360° 


160° 




190° 




220° 




250° 




280° 




310° 




340° 




+ 10' 




+ 48' 




+ 70' 




+ 71' 




+ 54' 




+ 25' 




84° 




114° 




144° 




174° 




204° 




234° 




264° 




+ 12.9' 




+ 45.6' 




+ 67.7' 




+ 71.6' 




+ 56.3' 




+ 26.0' 





The procedure is explained thus: According to the Paulisa Siddhdnta there are 120 solar revolu- 
tions in 43,831 days. So.in any desired number of days, the Sun's mean motion is days X 120 -5- 
43,83 1 revolutions, which multiplied by 1 2, 30 and 60 successively gives rteis, degrees and minutes. 
The mean solar year begins 16 x fc nddikds after Epoch. Therefore to reckon days from the beginning 
of the year, 16V2 nddikds or 33/120 days must be subtracted from the days from Epoch. As the days 
have already been multiplied by 120 and converted into one hundred and twentieth parts, we have 
to deduct 33 parts in order to deduct 33/120 days, which is the instruction. 

But what is called mean Sun here is not the real mean Sun. It is the real mean Sun plus the equa- 
tion of the centre for the beginning of the year (this makes it the true Sun) plus 7 minutes of arc. 
That it is so can be seen thus: At the beginning of the year the so-called mean Sun is zero, the Sun 
having made full revolutions, starting from the zero point 16 V2nddikds from Epoch. TheKendram 
at that time is 0° + 20° = 20°. For this we have the difference or interval of equation of the centre, 
-11 X 20730° = -6'.67.Deducungthisfrom>d 0-0-0, we have the true Sun ra. 1 1-29-53. Deducting 
the equation of the centre from this, the real mean Sun is got, for the true Sun is obtained by adding 
the equation of the centre to the real mean Sun. Thus the so-called mean Sun = the real mean Sun 
+ the equation of the centre + 7 minutes = the real mean Sun + 142' (135'.8 + 6'.67), the equation 
of the centre at this point being 1 35 ' .8 (which we shall show presently). Thus, the so-called mean Sun is 
practically the true Sun at the beginning of the year (the difference being only 7') and the beginning 
of the mean year is therefore practically the beginning of the true year. This, we have alluded to 
already in verses 1. 1 1-1 3. Now, as this mean Sun has the same rate of motion as the real mean Sun, 
everywhere the difference of 142' between them is maintained. 

Now we shall verify the intervals, i.e. differences of equation of the centre. Let us assume that the 
longitude of the higher apsis is ra. 2-16-0, according to this Siddhdnta. (As the original Siddhdnta is 
lost, we cannot assert that it is so. But if the assumption works, i.e. explains everything to be 
explained, without leading to contradictions, then we have to take that it is correct.) This is very 
likely because according to the Romaka it is at rd. 2- 1 5-0 (see VHI.2, where the instruction, "subtract 
(from the mean Sun) rd. 2-15-0 to get the kendra of the Sun" is given.) The Surya Siddhdnta, 
Aryabhatiya etc. give ra.2-18-0 for the same; and the earlier Paulisa may correctly give ra.2-16-0. 



Now, as the intervals are for mean Sun 340° to 10°, 10° to 40° etc, we can say deducting 76°, they 
are for anomaly 264° to 294°, 294° to 324°, 324° to354°etc. (See table above). Assuming the maximum 
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to be 140' if the eauation of the centre is computed for these anomalies, and the intervals tabulated, 
we get - 12.9, - 45.6, - 67.7, - 71.6, - 56.3, - 26.0, + 12.9, + 45.6, +67.7, + 71.6, + 56.3, 
+ 26.0, in minutes. As these are not much different from the series - 1 1, - 48, - 69 etc, we see 
that our assumption about the apsis is correct and the series - 1 1 , -48, are derivable from it. In the 
two series, the constants are the same in some places, differ by 1 ' in some, by 2' in some, the differ- 
ence being 3' only in one place. Even this small difference may be due to the constants of the given 
series being empirical, the values having been discovered by repeated observations only. In this 
connection it may be mentioned that the tabular values of the Romaka differ far more than this does 
from the same values obtained from formula. Or it may be that the formula used for the denved 
series may not be full, some terms being omitted. Actually, there are such additional terms, omitted 
by the ancients, and works like the Surya Siddhanta give a certain correction to the epicycles which 
can give the equivalent of such additional terms. Thus even the small difference is explained. 

Now for the additive or subtractive nature of the tabular values. They are the equivalents of what 
is obtained by computing the equation of the centre for the anomalies 294°, 324°, 354°, etc. and 
deducting the previous from the next successively. At the beginning of the year the anomaly is 
284° = ra.9-14-0. Then the anomaly increases to 12 rdsis, when the Sun reaches the higher apsis, 
ra 2-16-0. As during this interval the anomaly is in the fourth quadrant, the positive equation of the 
centre is decreasing. Therefore the tabular values obtained by subtracting the previous from the 
next are negative, and given as - 1 1, - 48, - 69. When the Sun has crossed the higher apsis and 
moves 90° farther, the anomaly is in the first quadrant. Here the negative equation of the centre 
increases. Therefore the tabular values are again negative, and we have - 70, - 54, - 26. Then the 
anomaly moves in the second quadrant, where the negative equation of the centre decreases. So the 
tabular differences are positive and given as + 10, + 48, + 70. After this the anomaly moves m the 
third quadrant, where the positive equation of the centre increases. So the intervals are agam 
positive and given as + 71, + 54, + 25. Thus, by giving the true Sun increased by 7' as the mean 
and applying the two series, the first negative and the next positive, in the place of the equation of 
the centre, the true Sun is computed by this Siddhdnta. 



We shall now show that the equation of the centre for the beginmng of the year is 135.8 minutes. 
The mean anomaly for the beginning of the year is 0°- 76° = 284°. Its tabular sine (see Chapter 
IV)116'25" multipliedbythemaximuml40'anddividedbytheradiusl20 ,givesl35.8 .Itisthis 
we used to show that the mean Sun mentioned in this Siddhanta is the real mean Sun plus 142^ . We 
shall show that this is^so in another way. We have seen that the mean Sun, when equal to 76 , is at 
the higher apsis. As the equatior of the centre must be zero here, the mean anomaly bemg zero, 
the true Sun must be equal to the real mean Sun. The tabular values to be appUed are, - 1 1 (ior 
meanlun interval 340° to 10°, - 48° (for interval 10° to 40°), - 69° (for 40° to 70°) and - 70x 67 
30° (for 6° in the next internal) = - 142'. Deducting this from the mean Sun 76° we get true Sun - 
73° 38'. which is also the real mean Sun. Thus we see the real mean Sun is mdeed 142 less than 
the so called mean Sun. 

But a doubt arises: The real mean Sun of the Pauliia at Epoch is r«. 1 1-27-22 But this do« . not 
agree with those of other Siddkdntas, as for e.g., Saura rd. 1 1-29-49, Ronutka rd. 1 1-29-34 ,StddharUa 
iromani, rd 0-0-42. How is this difference of more than two degrees to be explained? This is the 
answer: Even though the Siddhdntas are generally agreed that longitudes are to be reckoned from 
the beginning of the stellar segment Asvini (called the first point), they differ with regard 1 to 
the actual point where the segment begins. So, reckoned from different points, the longitudes 
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naturally differ. Secondly, even if all Siddhdntas had started reckoning from the same point origi- 
nally, the difference in the duration of their solar years would, in course of time, cause differences 
in longitude when computed for a particular moment of time, causing apparently a shift of the first 
point. Thus as the nrst point of the Paulisa is about 2° east of that of the Saura or Romaka, the mean 
Sun is less, as in the case of the Siddhdnta Siromani, which is one degree more because its first point 
is one degree west of that of the Saura or Romaka. It is also well-known that there is a difference of 
three degrees between the first point of the Caitra and Raivata Paksas. 

Now we shall explain why 20° is added to the mean Sun to form a peculiar type of Kendram to give 
the values. Why have the values not been given directly for intervals of mean Sun, 0° to 30°, 30° to 
60° etc. The reason must be that the author has taken these values from the original Pa.ulisa, or the 
original Paulisa itsell from its source, where they would have been given for intervals of mean Sun, 
0° to 30°, 30° to 60° etc. But the source or original Paulisa's first point might have been 10° east of 
that of the Paulisa here given, and it might have been shifted west in course of tirne to the present 
first point adopted, (there is evidence in the Vedas of this kind of shift being made, as evident, for 
instance, in the case of the beginning of the year from the Sun at Mrgasira to the Sun at Krttika 
and so on) with the result that what was originally 0° had become 10°, what had been 30° had 
become 40° and so on reckoned from the new point. So the values are as if they are given for 340° 
to 10° etc. and to make them full rdsis for convenience, 20° are asked to be added and the name 
kendram given to it. Thus everything is properly explained. 

TS have not understood the method given here. So far as the explanation of the part referring 
to the mean Sun goes, what they say is correct. But after that what they say is all wrong. There is 
the express instruction after giving the first series 1 1 , 48 etc. that the values should be subtracted 
from the mean Sun. The second series 10, 48 etc. come after that in a separate sentence and a separate 
verse, with the instruction that the values should be added. But somehow TS have understood the 
two instructions to mean that the two series should first be added one to one and then the resulting 
new series, which they think is the equation of the centre itself, should be applied to the mean Sun. 
If this is done, the instruction where to add and where to subtract is lost, which they have not noted. 
They have failed to see that the Siddhdnta gives differences of values for every 30° intervals of 
kendram. They have never considered why if the equation of the centre itself is given. it is given in 
two series which are almost identical. Again, the new series of theirs only appears to be the equation 
of the centre, which is because the differences of a sine-function-series is a cosine function series, 
which is again a sine-function-series with a lateral shift of 90° in the argument. In verifying the 
series they have formed by comparing it with the actual, which they have computed, they have 
found a difference of 6' and 7' in two terms, but waived them aside as negligible. But 6' or 7' are 
too large to be negligible. Further, they have failed to see that the word kendram is used here in a 
peculiar sense as we have already said. They have taken it to mean the regular anomaly. But the 
mean anomaly can be found only if the longitude of the higher apsis is given, which is nowhere to 
be found. They explain this by saying that the longitude of the apsis was well known and therefore 
not given! Different Siddhdntas give different values for the longitudes of the apsis; the Romaka 
gives 75°, the Saura gives 80°, and the Aryabhatiya and Surya Siddhdnta give 78°. Which of these are 
we to take? Certain things and operations, we can understand from the context and nature of the 
work, but this is not a thing which can be learnt without being told, as also the instruction when to 
add or when to subtract the values, which, according to them, has also to be learnt otherwise. If they 
had only tried to work out some examples, as for instance, taking the mean Sun as 80°, using their 
interpretation of the rules, then they would have discovered their mistake. 
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II* H 

True Motion of Moon 

4. If the padas obtained (by II.2) are plus^J». . (i.e., in 
subtract 9 from the padas, multiply by 10 and divide by 7 Add the result to 
702 The Moon's daily true motion in minutes is got. In the second hali-gaU 
™ l th padl L l^padas), deduct 9, multiply by 10 and dwide by 7 
andsubtraa the result from 879. The resulting minutes are the daily true 
motion of the Moon. 

E X am P le2. Fl ndthe Moon^y true moUon for plus paA^ 9 , 18,27,36, 63, 71, 72,81, 117, 124 an, 
minus-padas 9, 63, 71, 72, 117, 124. 

P 9 dai, ym otion ^O^^-J^^^MWnHnu» 



27 "„ kfi- 9 /7 + 702 = 702 + 3 X 12 6/7 - 740 4/7 minutes 

Z-% ■■ ' 63 - 9 7 X 702 - 702 + 6 X .2 6/7 = 779 1/7 minutes 

p = 71 

P = 72 

P = 81 
P =117 
P 
P 

P' = 9 



10 ,71 - 9) /7 + 702 = 702 + 88 4/7 = 790 4/7 minutes 
10 72 - 9V7 + 702 = 702 + 7 X 12 6/7 = 792 minutes 
81 - 9 /7 + 702 _ 702 + 8 X 12 6/7 = 804 6/7 minutes 
17- 9V7 + 702 = 702 + 12 x 12 6/7 = 856 2/7 mmutes 
_ 10 124 - 9)/7 + 702 = 702 + 164 2/7 = 866 2/7 minutes 
I )li - _ lo 133 - 9)/7 + 702 = 702 + 177 1/7 = 879 1/7 minutes 

a - _ 879 _ 10(9 - 9)/7 = 879- = 879 minutes 

= 9 „ _ 87o_ 10 63 - 9)/7 = 879 - 6 x 12 6/7 = 801 6/7 mmutes 

1= ™ - I 879 - ?1 - 9 /7 = 879 - 88 4/7 = 790 3/7 minutes 

?= II - - «7Q - 10 72 - 9)/7 = 879 - 7 X 12 6/7 = 789 mmutes 

5 = |£ _ I 8 87 9 - 10 (124 - 9V7 = 879 - 164 2/7 - 714 5/7 minutes 

ThedaUymot.onwhen^ 
can frame a rule by conadenng the ™^ * e ^^^_ 9. TheremreAe motion must lie 
successiyepo^aaerplus-^ 1 24 and previou^ tom P Therefore , minus-^ 1 to 8, 

between 866 2/7 ^«j^J ^^^E motion. In the same way, plus- 
. multiplied by 10 and divided by 7 added * d before plus>cto 9 . Therefore the 

^ io and dSd by 7 mus, be deducted trotn 714 5/7 to get the mouon. 
4a. A.B.C.1-.15I.-B1.S.'~«I. B ^Hrii^sttA 
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The two rules for the true daily motion can be shown to be connected with the two rules for finding 
the true motion in II.6, by deriving these from those, and the exact derivation itself is a proof of 
the correctness of the rules. The rule for plus-padas (i.e. applicable to the first hal%afc) is, 
O094 + 5(P - 1)} P/63. If m is the mean motion at the end of the last fullgati, then the true Moon 
- m + P° + {1094 + 5(P - 1)} P/63 minutes. The daily motion of the currentday is gotby subtracting 
the true Moon at the end of the previous day from that at the end of the current day and if the Wa 
is P at the end of the current day, it is P - 9 at the end of the previous day. Therefore the motion for 
the current day = [m + 9° + {1094 + 5(P - 1)} X P/63] - [m + (P - 9)° + {1094 + 5 (P - 9 - 1)} (P - 9)/ 
63]' = (m - m) + P° - (P - 9°) + {1089 + 5P)} P/63 minutes - {1089 + 5(P - 9)} (P - 9)/63 minutes 
= m mmutes, 540 + 1089 P/63 + 5P 2 /63 - 1089 (P - 9)/63 - 5(P - 9) 2 /63 = 540 + 1089 X 9/63 
+* X 9 2 /63 + 90 (P - 9)/63 = 540 + 1 134/7 + 10 (P - 9)/7 = 540 + 162 + 10 (P - 9)/7 = 702 + 
10 (P - 9)/7. which is the rule here given. 

In the same way, taking the rule for the true Moon in the second half-gati, i.e. for mmus-padas 
we have, the daily motion = [m + ra. 6-0-4 + P° + {2414 - 5 (P' - 1)} P763 minutes] - [m + rd 
6-0-4 + (P' - 9)° + {2414 - 5 (P' - 9 - 1)} (P' - l)/63 minutes] = in minutes, 504 + {241 9 - 5P'} 
PV63 - {2419 - 5(P' - 9)} (P' - 9)/63 = 540 + 2419 P763 - 5P' 2 /63 - 2419 (P' - 9)/63 + 5 (P' 
-;^9) 2 /63 = 540 + 2419/7 - 45/7 - 10(P' - 9)/7 = 540 + 339 1/7 - 10 (P' - 9)/7 = 879 1/7 - 10 
(P' - 9)/7, which is the rule for daily motion in the second half-gati, omitting the small fraction of 
mjnutes 1/7. (Note that in the example we actually got this 879 1/7 as the maximum). 

fFrom the relationship between these two sets of rules shown here, we can understand that the 
ruJes for daily motion, though they have strayed into the chapter dealing with the Paulisa, actually 
belongs to the Vasistha. If they are to be used for the Paulisa also, it is because they are interconnected 
and mixed up, as the use of the same technical terms, and the absence of the method to find the 
mpan Moon, show, We can even say that the author does not intend this for the Paulisa because 
anbther set of rules is given for this in III.9. 

^Because the daily increase mpadas is 9, the daily increase or decrease in the true motion is 10 X 
9/7 = 12 6/7 minutes. By integrating the motions and deducting the mean motion during the days 
for which the integration is done, we can find the equation of the centre implied in the rules: For 
cohvenience let us take padas 9, 18, etc. and work out for plus-padas first. The total true motion in 
minutes for P/9 days, i.e. to the end of P padas is:702 + 10 (9 - 9)/7 + 702 + 10 (18 - 9)/7 + 702 

+ 10(27-9)/7 + 702+ 10 (P - 9)/7 = 702 X P/9 + 9 x 10{1 +2 + 3+ (P - 9)/9}/7 = 702 

P/9+9 x 10 { V 2 (P - 9)/9} P/(9 X 7) = 702 x P/9+5P (P - 9)/63 = 702 x 7P/63+5P 2 /63 - 45P/63 
— 4869 P/63+5P 2 /63. 

The mean motion per day can be found from 1 1.2-4 to be 790' 35" and for P/9 days the mean 
motion is 790' 35" x P/9 = 5534 P/63 minutes. Subtracting this from the true motion fbund, the 
equation of the centre obtained is 4869 P/63 + 5 P 2 /63 - 5534 P/63 = 5P 2 /63 - 665 P/63 = (5P - 665) P/63. 

In the same way, we can fmd the equation of the centre connected with the second h?Af -gati i e 
mmmpadas. The total true motion = 879 1/7 X P79 - {5P' 2 /63 - 45 P763}= 6154 P763+45 P763 - 
5P' /63. Deducting the total mean motion, the equation of the centre = (6154 + 45 - 5534> P763 
- 5P' 2 /63 = 665 P763 - 5P' 2 /63 = P(665 - 5P)/63. 

It is these two rules for the equation of the centre that we used in II.6, to derive the rules there 
From inspection we see that P(5P - 665)/63 is negative for all values of P, as it ought to be in the f,rst 
halt-gatt. P (665 - 5P )/63 is positive, as it ought to be in the second half-gati for all the values of 
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P' The numerical maximum is for P or P' = 66 V 2 . For P = 124, the value is -88 Vfe minutes which 
ts cancelled by + 88 Vfe minutes for P' = 1 24, with the result that at the end of thegati the equaUon ot 
the centre is zero and the true moon is equal to the mean Moon. 

It is mainly because of the relationship between the rules of II.6 and those in this verse, established 
by using the corrected reading vinavdt for nagdt that we have made that correction. Also if we take 
nagdt, then there will be a deikiency of one syllable. The adoption of the other readmg, nagat has 
not the fault of the defective syllable, but 9 is required in the proof and not 8. The r^6ingsasmsamvaro 
is corrected as sdsvikhasvaro, to mean 702, which is the minimum daily motion, denvable from the 
rules TS also have intended 702 minutes to be the minimum daily motion by their emendation 
sdsmkhdcald, but theirs is not likely to be the original reading with such changes in the letters_We 
have corrected vasumuninavabhyah into navamunivasubhyah because from the establishment ot tne 
relationship, which we did, 879 minutes is the maximum daily motion and we require this. Further, 
the maximum must be as far above the mean value 790 Vfe minutes, as th o e o ^ nim Q U , m / S R be ^. The 
minimum 702' is 88 Vfe below 790 Vfe. So the maximum must be 790 W + 88 W = 879 . But TS have 
not touched this, for, by their own words, they have not been able to interpret this verse. 



Equation of the centre 

5 Reduce the plus or minus padas by one and multiply by 40. Subtract this 
from 526 1 . Multiply the result by the padas and divide by 729. The resulting 
minutes are equation of the centre. 
The formula is: The equation of the centre = {5261 - 40 ( P ada - 1)} P adaH29, where^a is any 
pada, plus or minus, without distinction. 

Example 3. (a) Pada = 63. Ftnd the equaUon ofthe centre. (b) Pada = 9. Find the e q uatton ojthe centre. 
(a). {5261 - 40 (63 - 1)} 63/729 = (5261 - 2480) 63/729 = 2781 x 7/81 = 240 1/3 minutes. 
(b). {5261 - 40 (9 - 1)} 9/729 = (5261 - 320) 9/729 = 4941 X 1/81 = 61 minutes. 

qx^tMSTO:3TWT^^<#^rd5r)WT 
trgarPT: V<M^nmi^ r fa^felfcH*T%> || V! 
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6-9. (Translation and Commentary later). 



Cara or Oblique ascension 



1 0. Multiply the constants, 20, 1 6 1 /2 and 6 3 A by the equinoctial shadow. The 
results are oblique ascensional differences (carakhandas) in vinddis, first in the 
given order, then in the reverse order for the first six months (solar) and again 
the given and reverse orders for the second half of the ecliptic, the second six 
months. 



The differences are for the solar months Mesa etc. in vinddis: 20, 16 ¥2, 6 3 A, 6%, 16V2, 20, 20, 
16 V2, 6 3 /4, 6 3 A, 16V2, 20) X equinoctial shadow. 

The formula for Cara is given in IV. 26. thus: Sine Cara = sin latitude X sin Sun's declination X 
the diameter sin (90° — latitude) X the day-diameter. The sines used here are tabular sines, the 



6a. B3.yi<*>fR<*> 
b. B.^TteTt^rr 



7b. Al.WT 



Bl.*T^-fcTsF9. Al.B2.3. 4ciam 
c. A.^f5T:; C.-q^:. A.B.^^; C. -^^g 
d. A.B.^RPT^; C.°fa^fd*Rft 
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8a. Al.°fa*3 



9a. 
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b-c. A.%$:; B.^W^kKd:*?^: 



c. C.cTSTR 
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C A.^#*; C.^f%^^^T%; B.wti: 



1 0. Quoted by Utpala on BS 2, p.60. 
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unit or radius being 120', and the diameter 240'. The day-diameter is twice the tabular cosine of 
the Sun's declination. Thus this formula reduces to the modern form: sin cara = k tan latitude X 
tan declination. The degrees of cara got from the formula, converted into minutes and divided by 
3 gives the whole cara. The cara-khandas or differences are got deducting the whole cara of the 
beginning of a rdsi from that of the end of the rdsi. 

We shall not derive this formula now. We shall restrict ourselves to deriving the given cara- 
khandas from the formula. The 'diameter', as we have said, is 240' (vide IV. 1). The tabular sines of 
declination at the ends of the three rdsis Mesa, etc. is 24' 24", 42' 15", 48' 48" (from IV.24). The day- 
diameters for the same are 235', 224' 40", 219' 15" (from IV.25). Sin latitude - sin (90° - latitude) 
= eouinoctial shadow -^12. (This will be shown when dealing with IV). Therefore-, successively, 
sinemra = equinoctial shadow x '{(240 x 24 2/5) -h (235 x 12), (240 x 42 V 4 ) -s- (224 2/3 x 12), (240 
X 48 4/5) -j- (219 Vt X 12)} = Eq. shadow X (2'.08, 3'.78, 4'.45). The arcs of thesecannot be found 
in terms of the Eq. Shadow unless it is known. But as the author intends this rule only for North 
India, where the eq. shadow may be taken as 6 digits oh the average, we shall frame the rule for 6 
and then use it for other places by the rule of proportion. So, multiplying the numbers 2'.08, 3'. 78, 
4'.45 by 6, we get sine cara = 12' 29", 22' 41", 26' 42". Using the tabular sines, the arcs of these = 
5° 58'. 3, 10° 53 '.6, 12° 51'. 6 = 358'. 3, 653'. 6, 771 '.6. Dividingby 3, we get the whole cara in vinddis, 
119 4 217 9 257.2. Dividing these by 6 and multiplying by Eq. shadow, we get the whole cara 
vinddis for any Eq. shadow, viz., Eq. shadow X (19.9, 36.3, 42.9). Deducting the next from the 
previous, and because the cara is zero for the beginning of Mesa, as declination is zero, the cara 
differences (khandas) got are, Eq. shadow X (19.9, 16.4, 6.6). This is practically the same as Eq. 
shadow X (20, 16 V2, 6 3 A) given by the author. In the Vdkyakarana, Mahdbhdskariya and Siddhanta 
Siromani, the same method is given. 

As we have said, the cara-vinddis are zero for the beginning of Mesa when day-light is 30 nddis. 
Then at the end of each rdsi, they increase by a quantity equal to the differences, reaching a 
maximum at the end of Mithuna, the day-light then being a maximum also, as the declination has 
reached a maximum. After that the declination decreases in the same manner in which it has 
increased, and the day-light decreases from maximum and the cara aiso decreases. At the end of 
Kanya the declination becomes zero again, the day-light equals 30 nddikds again, and the cara 
becomes zero again. So the differences have to be used in the reverse order for Karkataka, Simha, 
and Kanya. After this the South declination increases and decreases just like the North declination 
and corresponding to this the night-time increases from 30 nddikds to-a maximum and decreases 
again to 30 nddikds at the end of the next six months; and the cara also increases from zero to a 
maximum and then decreases to zero, repeating what it is for North declination. Hence the instruc- 
tion to repeat for the next six months of the solar year. If the cara is required for any day within the 
month, it is to be got by interpolation, which is well known and therefore not mentioned. 

Example 4. (a). In a place the Eq. shadow is 5 digits. Find the cara-vinddis when the Sun is rd.2-1 0-0. (b) 
The Eq. shadow is 7. the Sun is at the end ofTuld,fmd the cara-vinddis. 

(a) TheconstantforMesais20,forVrsabha 16V 2 andfor 10° of Mithuna, 6 3 / 4 x 10730°= 2V 4 . 
Adding, the total cara is 20+ 16 V2+2 V* = 38 3 / 4 . Multiplied by Eq. shadow, the vinddis are 5 X 38 3 / 4 
= 193 3 / 4 . 

(b) The Sun is ra.7-0-0 and therefore 1 rdsi has gone in the second half of the zodiac. Therefore 
the cara-vinddis = 7 X 20 = 140. 
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Day-time . 

11-12. To find the day-time in Mesa, Vrsabha and Mithuna, add the cara 
differences one by one, in the order given, to 30 nddikds, and in the next three, 
subtract in the reverse order. In the next three rdsis, Tula, etc. subtract from 
30 nadis in the giveri order, and for Makara etc. add in the reverse order. This 
will give the day-time fairly accurately for places in Northern (whole?) India. 
I shall give the method to find the day-time accurately in other places (in the 
IV chapter) when dealing with spherical astronomy. 

Thus, when the Sun is in the six rclsis, Mesa, etc. 30 nddikds cara-vinddis = day-time. When in the 
six rasis, Tula etc. 30 nddihds cara-vinddis = day time. The increase over 30 nddikds and the decrease 
to 30 is by Eq. shadow X (20, 16V2, 6 3 /4, 6%, 16V2, 20}vinddis. This is repeated in the decrease 
from 30 nddis and the increase to 30, in the six rdsis from Tula. We shall explain all this in the IV 
chapter. 

The cara-vinddis computed in the above manner and the day-time got by them will be accurate 
only in Northern (whole?) India it has been said. The reason for this is as follows: From the expla- 
nation of the method of computing the cara-vinddis, it can be noted that sine cara is proportionate 
to the Eq. shadow, and the cara-vinddis are proportionate to the arc obtained from sine cara. It is 
well known that when the sines are small they are proportionate to their arcs. Therefore when sine 
cara is fairly small, i.e. when the Eq. shadow is small, the arcs are proportionate to the Eq. shadow, 
i.e. the cara-vinddis are proportionate to the Eq. shadow. In India the Eq. shadow is fairly small, and 
therefore the cara-vinddis £or diffferent places in India can be formed by proportion, using the Eq. 
shadow. In higher latitudes like places North of the Himalayas, the shadow increasingly becomes 
greater, and the inaccuracy of using the given method will gradually increase. 

Example 5. (a) Eq. Shadow 5, Sun rd. 2-10-0. Find the day-time. (b) The Eq. shadow is 7, the Sun is in rdsis 
7. Find the day light. 

(a) The cara-tnnMis are 5(20 + 16V2 + 2 V*) = 5 X 38 3 A = 194. As the Sun is in the 6 rdsis, Mesa 
etc, the day-time is greater than 30 nddis, and, therefore, the day-time is 30 nddis +194 vinddis = 
33-14 nddis. 



lla. A.B.^lR^M^d (B2.^°; B2.M) 
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(b) The cara-vinddis are 7 X 20 = 140. The Sun being within the 6 rdsis from Tula, the day-time 
is less than 30 nddis. Therefore the day-time is 30 nddis — 140 vinddis = nddis 27-40. 



Desantara 

13. The correction to the time of the longitude of Yavanapura to get the time 
of the longitude of Ujjain is seven nddikds, 20 vinddikds and that of Banaras 
(Varanasi) is nine nddikds. How to find the correction for other longitudes will 
be given (in the next verse). 

In short, what is here given is the difference in time due to difference in longitude alone from 
Yavanapura of Ujjain and Banaras, Desdntara-nddis, being difference in time of the occurrence of 
any event due to longitude, the occurrence being earlier by this time if the place is East, and later 
if West. Actually the time difference due to longitude for Ujjain from Yavanapura isnddis 7-38, and 
for Banaras, nddis 8-50. The Greenwich East Longitude of Yavanapura, Ujjain and Banaras are 30°, 
75° 50' and 83°. From this we can find the actual time difference: (75° 50' - 30°)/6 nddis = 7-38, 
(83° — 30°)/6 nddis = 8-50. But considering the difficulty of doing this faced by the ancients for 
want of facilities, the achievement of the Siddhdnta is commendable. 



14. Take the distance in yojanas between the two places between which the 
time difference for longitude has to be found. Multiply this by 9 and divide by 
8Q. (The result is their distance in degrees). Square the result. From this 
deduct the square of the difference in latitude between the two places. Find 
the square root of the remainder. (This is the East-West difference in 
degrees). This divided by 6 is the time difference in nddikds. 

The purpose of finding this time difference is ultimately to find the time difference for longitude 
from Yavanapura, so that it may be used in the reduction of the planet found for Yavanapura mean 
sunset to the local sunset. If by this rule, the time difference from Ujjain or Banaras is found, then 

14a. A.Rlt^ 191 ^^ 
b. A.f^ B1.2.tqnsracTr°; B3.1^«cn o 

A,B.»I^(B3.^) 
c. A.B.^<*Pd 
d. A.B.2.*p:; Bl.S.^IT:; 
Al.B.^^p; D.^4<i 
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by adciing or subtracting this, according as the place is East or West, to or from nadis 7-20 (for 
Ujjain) or 9-0 (for Banaras), respectively, the time difference for longitude from Yavanapura can 
be got. 

Example 6. The latitude of a place west of Ujjain is 27° and the distance between them is 44 419 yojanas. 
Assuming the latitude of Ujjain to be 24°,find the time difference for longitude of theplace from Yavanapura. 

T he distance in degrees = 9 X 44 4/9 = 5°. The difference in latitude in degrees is 27° — 24° = 
3°. V 5 Z — 3 2 = 4 = the east-west difference in degrees. 4/6 nddikds = 40 yinddikds is the time differ- 
ence. As the place is West of Ujjain, deducting this from 7-20, the time difference from Yavanapura 
is nddikds 6-40. 

The rule is explained thus: It is well known that in a plane right-angled triangle the square of the 
hypotenuse is equal to the sum of the squares of the sides containing the right angle. Now, let the 
places be P^ and P 2 . Let the poin-t where the line of longitude passing through one of the places, say 
P,, cuts the latitude passing through the other say P 2 , be C. Then C is practically a right angle of 
which CP, is one arm and CP 2 the other, and P,P 2 is the hypotenuse of the right angled triangle 
P^CP^. If P^P^ is not too great, then this triangle, though on the surface of a sphere, may be treated 
as practically a plane triangle. P^C is the difference in latitude of the places. P 2 C is the difference 
in longitude, which is wanted. P^ is the distance between them. We are going to find the differ- 
ence in longitude P 2 C in degrees. The difference in latitude PjC is also in degrees. So P,P 2 also must 
be found in degrees. So the distance in yojanas is converted into distance in degrees by multiplying 
the yojanas by 9 and dividing by 80, because according to this Siddhdnta there are 9° for 80 yojanas 
on the Earth, i.e. the circumference of the Earth (360 ° if given in deg rees) is S200yojanas. Thus we 
have the difference in longitude in degrees =CP 2 2 = V P1P2* - CPj*. The degrees are converted 
into time by the proportion, if there are 60 nddikds for 360° of longitude, how much for the degrees 
got. Therefore degrees got X 60/360 = degrees got/6, are the nddikds of difference in longitude. 

In view of the right angled triangle not being exactly plane, a better result will be got if the nddikds 
obtained are multiplied by the circumference of the earth and divided by the circumference of the 
line of latitude midway between the places. But the author has not mentioned this because this 
method is intended for India and in India the two circumference do not differ much and therefore 
the difference between the two methods will be negligible. Surya Siddhdnta etc. give the correct 
method. The author's method is given by the Mahdbhdskariya with the name Adhvd ('Path') and by 
the Vatesvara Siddhdnta with the name 'Adhvavaha' ('Marching on the Path'), only to be condemned 
as inaccurate. In the Vdkyakarana, which is also satisfied with rough results, the distance along the 
latitude (CP 2 in the explanation) is taken as found and a rule given. The method of determining the 
latitude of a place is given in IV.20-21 and the author expects us to get it by using that method and 
use it in the formula, 

Another thing must be mentioned here. If the two places are distant from each other or inter- 
vened by a sea or mountain or some such obstacle, as for instance Yavanapura and Ujjain, 
Yavanapura and Banaras, or Ujjain and Banaras, then by observation, from the two places, of celes- 
tial phenomena that are visible everywhere at the same moment, like the circumstances of a lunar 
eclipse, the time difference for longitude can be obtained. (All Siddhdntas give methods based on 
this principle, and the Mahdbhdskariya in Chapter II, which is, devoted exclusively to Desdntara, 
gives two methods.) The following is the method: Let us assume that the meridian of Ujjain as the 
prime meridian (generally given in all Siddhdntas do) and by computation it has been found that 
at 5 nddis after midnight the total obscuration of the moon begins. (The beginning or end of the 
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total phase can be observed well and therefore specially chosen by the Surya Siddhdnta). In another 
place say in Banaras, the beginning of the total phase is observed to be at nddikds 6-12, (of course 
by itsown time, i.e. local time). The time difference for longitude must be patently the difference 
between the two times, i.e. nddis 6-12 minus nddis 5, i.e. na. 1-12. As the local time must mcrease as 
we go east, we can also say that Banaras is east of Ujjain. 



Local Sunset time 

15. If the Sun is in the six rdsis Mesa etc. , subtract half the caravinadis from the 
time difference for longitude. If the Sun is in the six rasis Tula etc. add half 
the cara-vinadis to the time difference for longitude. Find the motion of the 
planet (the Sun or Moon, in this context) during this time. Subtract this from 
the longitude of the planet computed. (The planet for the beginning of the 
local day, i.e. for local sunset, is obtained). 

Emmple 7. The time difference for longitude at a place (in India) with reference to Yavanapura is 1 nddis. 
The Sun is rd. 9-0-0 and the cara for that day at the place is 4 nddis. The Moon computed is rd. 4-8-0 and its 
daily motion 840'. Find the Moon at the beginning of the local day, i.e. at local sunset ofthe place. 

Longitude time difference = 10 nddis. Half cara = 4/2 = 2, nddis. As the Sun is within the six rdsis 
from Tula, adding 10 and 2, we get 12 nddis. The motion per day is 840'. The motion for 12 nadis 
is, 840' X 12/60 = 168' = 2° 48'. Subtracting from the computed Moon, the Moon at local sunset 
is', ra. 4-8-0 - 2° 48' = ra. 4-5-12. 

The explanation of the procedure is as folIows: As the days from Epoch are from mean sunset 
at Yavanapura, the planets computed for the days from Epoch are for mean sunset at Yavanapura 
and if they are required for any time in the day, they have to be found by adding the motion dunng 
the time. Therefore if the planets are required for local sunset at any other place, the time interval 
between the local sunset and Yavanapura mean sunset has to beTound first, and the motion for the 
interval applied to the planet computed. This motion is subtractive if local sunset is earher, and 
additive if later. 

Now the author intends the procedure for India alone, and at places in India the local sunset is 
always earlier than Yavanapura mean sunset. This is because nowhere in India (mcluding Afghanistan) 
is the difference for longitude from Yavanapura less than 4 V 2 nddis, and the half cara greater than 
this Because India is east of Yavanapura in the local mean sunset is earlier by the time difference 
for longitude. The actual sunset is earlier than the mean sunset or later by half the cara-nddis. It is 
later if the Sun is in the six rdsis, Mesa etc, because the day-time is longer. It is earher if the Sun is 
in the six rdsis, Tula etc. Therefore the local actual sunset is earlier than Yavanapura mean sunset 
by the time difference for longitude minus half the nddis of cara when the daytime is greater. But 
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as the half cara is always less, there is always a remainder when this subtraction is made by which 
time, therefore, local sunset is always earlier. When the Sun is in the 6 rasis, Tula etc, the local 
sunset is earlier by the time difference for longitude and still earlier by the half cara. Therefore it 
is earlier by the sum of the two. Thus, in all cases, with regard to places in India, the sunset is earlier 
than the mean sunset at Yavanapura and therefore the motion for the time is always to be subtracted; 
and, that is the instruction. 

If the place is north of India or west, it may happen that the half cara is greater than the time 
difference for longitude. Then when the Sun is in the six rdsis from Mesa, the sunset may be later 
and the motion for the later time will have to be added to the planet. Fufther, there are two other 
corrections, Bhujdntara (correction for the Equation of the centre) and Udaydntara (Reduction to 
the Equator), the equivalent of the equation of time which have got to be made, but not given by this 
Siddhdnta either because these are very small or because this Siddhdnta is not aware of its existence. 
The Vdkyakarana omits to give -the Udayantara alone because it is not found even in its source, 
Bhdskarlya. The Surya Siddhdnta omits the cara and Udaydntara corrections, the former because it 
begins the day at midnight which is not affected by cara and the latter because it is not aware of its 
existence. Sripati is the first to give the Udayantara. 

TS are unaware that the two corrections mentioned above are given here, which can be seen from 
the commentary pp. 12-13, and English notes pp. 16-17. They also seem to think that the instruction 
to subtract or add is for places in the northern and southern hemispheres, respectively. (cf. Skt. 
com., p. 13). NP, too, have not got the sense fully, for they observe on this verse: "A fragmentary 
passage which in the present form makes no sense, e.g., because one cannot add longitudinal 
differences and ascensional differences." (Ch. II, p. 31). 

^fcror[^]?nft oycbf«i^iFd^fJ^cbiv\- 1 
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Naksatra computation 

16. For every 800 minutes of arc in the Moon's longitude there is one naksatra 
(asterismal segment). Deductthe Sun's longitude from the Moon's. Forevery 
twelve degrees of the remainder there is one tithi. The time of the ending 
moment of the naksatra should be found by proportion using the Moon's daily 
motion. The time of the ending moment of the tithi should be found by pro- 
portion, using the difference in the daily motions of the Sun and the Moon. 

The idea is this: Compute the Moon's longitude for the end of the day on which the naksatra is 
to be found, and also the motion for the day. Convert the longitude into minutes and divide by 800. 
The <Juotient are the naksatras gone, and the last of them is the naksatra ending in the day, before 
the incomplete one began. Multiply the remainder by 60 and divide by the daily motion in minutes. 
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The result are nddis of the incomplete naksatra gone in that day. Deduct it from 60. The ending 
moment of the naksatra gone or last gone on that day is got in nddis from the beginning of the day. 

To get the tithi, subtract the Sun's longitude from the Moon's and convert it into minutes. Divide 
by 720. The quotient are full tithis gone after new moon. The last tithi gone is the tithi ending before 
the incomplete one begins. Multiply the remainder by 60 and divide by the difference of the Sun's 
and Moon's motions in minutes, for that day. The result are nddis of the incomplete tithi on that day. 
Deduct the nddis from 60. The remaining nddis are the ending moment of the tithi ending or last 
ending on that day. If the total tithis got are more than 15, count again from one, i.e. Prathamd. 

Example 8. At the end ofa certain day the Sun is ra. 2-15-10 and its daily motion 57'. The moon is ra. 
10-18-30 and its daily motion 827'. Find the naksatras etc.Jor the day. 

The Moon = ra. 10-18-30 = 318° 30' = 19,110'. Dividing this by 800 the quotient, i.e. full 
naksatras gone is 23, and the remainder 710' has gone in the 24th. Multiplying by 60 and dividing 
by the daily motion, 710 X 60 -h 827 = 51-31, nadis, belong to the 24th. Therefore the 23rd, i.e. 
Sravistha ends 60.0 - 5 1 .3 1 = 8.29 nddis, after the beginning of the day. 

The Tithi: Moon - Sun = rd. 10-18-30 - ra. 2-15-10 = ra. 8-3-20 = 243° 20' = 14,600'. Dividing 
by 720, the full tithis gone are 20, and the remainder 200' has gone in the next tithi. Multiplying this 
by 60 and dividing by the difference of the daily motions, the nddis got are 200 X 60 4- (827 - 57) 
= 200 X 60/770 = 15-35, which is the time occupied by the 2\sttithi. Therefore the 20th tithi, i.e. 
Bahula Pancaml ends at 60 nddikds - 1 5.35 nddihds, i.e. 44.25 nddikds after the beginning of the day. 

The length of a naksatra is 800' and the Moon's mean daily motion 791', is not much different 
from it. The length of atithi is 720' and its mean daily passage 732 is not very much different from 
it. Therefore generally there is one naksatra or one tithi ending in a day. But it may happen that the 
remainder is so small and the motion or passage for the day so great, that, remainder -I- length of 
a naksatra or tithi < the daily motion or passage. In this case, two naksatras or two tithis end on the 
same day. In the case of the tithi this is called avama, the second ending tithi being immersed in the 
day and not counted for reckoning days. On the other hand, the remainder may be greater than the 
motion or passage for the day, with the result that no naksatra or tithi ends on that day, i.e. they 
begin at close of the previous day, extend throughout the day and end at the beginning of the next 
day. When this happens in the case of a tithi it is called Tridina-sprk, literally 'touching three days'. 

The explanation of the rules is as follows: The Zodiac consists of 12 rdsis, i.e. 12 X 30 X 60 = 
21,600 minutes. It is divided into 27 equal segments called naksatras and so there are 21600 j 27 
= 800 minutes for each segment. What is called naksatra in the verse and sought to be found, is the 
segment in which the Moon is situated. Therefore the Moon's longitude in minutes is divided by 800 
and the quotient are the segments passed. The remainder is the position of the Moon in the next 
segment. The time taken by the Moon to pass that portion is found by the proportion; If the daily 
motion takes 60 nadikas to pass, how long will the remainder take? Therefore the time when the 
Moon has been at the end of the segmentjust passed, i.e. the end of the naksatra passed, falls before 
the end of the day by the obtained nddikds. 

Now for Tithi: When after new moon the Moon leaves the Sun behind for every 12° one tithi is 
gone. Therefore by subtracting the Sun from the Moon, the total degrees left behind is found, and 
dividing this by 12° or 720' the tithis gone is found. Everyday, i.e. in every 60 nddikds, the Sun is left 
behind by the difference oftheir motions. Therefore the time taken for leaving behind the remainder 
is: remainder X 60 -h difference of the motions. As the remainder is of the incomplete tithi, the 
completed tithi ends before the end of the day, by a time equal to the nddikds found. 



56 



PANCASIDDHANTIKA 



111.17 



Sun's daily motion 

17. The daily motion of the Sun in minutes during each of the twelve 
months, Mesa etc. is 58, 57, 57, 57, 58, 59, 61, 61, 61,61, 60, 59. 

The daily motion for the month is found thus: During every solar month, the Sun moves one rdsi, 
i.e. 1 800' . Dividing this by the days of the month the daily motion is got. Or, according to the length 
of the month, take 3 1 , 30 or 2,9 days of the month, almost covering it. Find the motion for these days 
and divide by the number of days taken, the daily motion for the month is got. Because the daily 
motion thus found is very near sixty minutes, the author enumerates their difference from sixty, 
for the sake of convenience. 

The mean daily motion is 59' 8", which can be got dividing the minutes in 12 rasis, i.e. 2 1 ,600, by 
the days in the solar year. Because the higher apsis, i.e. the apogee of the Sun, is about the middle 
of Mithuna, the Sun's motion in Vrshabha, Mithuna and Karkataka is very slow, and the daily 
motion, 57' given for these is proper. Because the lower apsis, i.e. the perigee, is about the middle 
of Dhanus, the Sun's motion in Vrscika, Dhanus and Makara is very quick, and the daily motion, 
6 1 ' given for these is proper. 

We shall he,re derive the motion for Mesa and Tula. Let us begin with the moment on the first 
day of Mesa, when the mean Sun is zero. By III. 1 , the kendram is 20° and the correction for making 
the Sun true is - 11' X 20730° = - 7'. The true Sun is 0°-7' = ra. 11-29-53. 31 days after 
this moment, the mean Sun is, 31 X 120 + 43831 X 360° = 30° 33'. The kendram is 30° 33' + 20* 
= 50° 33'. The true Sun is 30° 33' - 1 1' - 48' X 20° 33730 = ra, 0-29-49. The motion of the Sun 
for 3 ldaysisKa. 0-29-49 -ra. 11-29-53 = ra. 0-29-56. The motion per day is 29° 56731 = 1736731 
= 58'. Therefore 58' is the correct motion for Mesa and not what is mentioned in the given verse, 
and that is why we have suggested the emendationyamo iorguna in the text. 

We shall examine the daily motion for the Tula. We shall begin work from the lirst day of Tula 
when the mean Sun is 185°. The kendram for that is 185° + 20° = 205°. The true Sun is 185° - 1 1' 
- 48' - 69' -70' - 54' - 25' + 10' X 25730° = 180° 31 ' . Now we shail take a time 30 days later. 
The mean Sun then is 185° + 30 X 120 X 360743831 = 214° 34'. The kendram is 214° 34' + 20° = 
234° 34' . The true Sun is 214° 34' - 1 1! - 48' - 69' - 70' - 54' - 48' - 25' + 10' + 48' X 24° 
34730° = 2I0°46'.Themotionfor30daysis210°46' -180°31' = 30° 15'. The motion perdayis 
30° 15' -5- 30 = 60 W. The author gives this as a whole number, 61'; so it is all right. 
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Karanas 



18. In the bright fortnight take the Moon minus Sun and subtract from it 6°. 
For the dark fortnight (take the Moon tninus Sun from the beginning of the 
dark fortnight, i.e.) take the Moon minus Sun with 6 rdsis subtracted from it, 
and add 6°. Convert it into minutes and divide by 360'. What are obtained are 
the (Cara) karanas (Bava etc. coming one after another repeatedly). (Take the 
remainder and treat it as) the remainder in calculating the tithi, (i.e., multiply 
by 60, and divide by the difference of the daily motions of the Sun and Moon in 
minutes etc.) (and thus get the ending moment of the last harana. In each tithi 
the first half is one karana and the second half another). 

1 9. From the middle of the fourteenth tithi of the dark fortnight (are the four 
half tithis, viz., the second half of Bahula-Caturdasi, the two halves of 
Amavasya, and the first half of Sukla-pratipad, which) are the Sthira-karanas, 
Sakuni, Catus-pada, Naga and Kimstughna, respectively. (The other Karanas 
are) movable. A karana is half a tithi. 

Then from the remaining half of sukla-pratipad the Cara-haranas come in the order Bava, 
Balava, Kaulava, Taitila, Gara, Vanijya (Vanija) and Visti (Bhadra), (repeating eight times). 

As said before, there are two karanas in a tithi, the first ending at the middle of the tithi, and the 
second ending with the tithi. Therefore, the ending moment of the second need not be computed 
separately. Even that of the tirst is not computed by almanac-makers, the mid-point of the tithi 
being taken for this. Another thing is to be mentioned: Just as two tithis can end on the same day, 
three haranas can end on the same day. 

Emmple 9. Calculate the karana jrom the data supplied in Emmple 8. 

Moon - Sun got there is ra. 8-3-20, and the difference of daily motion 770' . As it is Bahula-paksa, 
deducting 6 rdsis and adding 6°, ra. 8-3-20 - ra. 6-0-0 + 6° = ra. 2-9-20 = 4160'. Dividing by 360', 
the quotient got is 1 1, and remainder 200'. As in the case of the tithi, the ending moment is : 200 
X 60 770 = na. 1 5-35 before the end of the day , i.e. the harana ends nd. 44-25 after the beginning 
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of the day, and the karana that has ended, being the 1 1 th, is Taitila. (Note that this is also the ending 
moment of the tithi). 

In the place of vajjaladhoh (in verse 1 8) the reading bahulayoh is suggested, foIlowing the meaning 
and keeping to the letters. Or, it can be corrected as kajjalayoh which will give the same meaning, 
'dark fortnight'. Secondly, to avoid splitting the word ardhe between the third and fourth feet (in 
verse 19), cardni and karandni have been interchanged, as possibly the scribe has interchanged them 
by the similarity of letters. The word, ca is interposed in the third foot, to make up the deficiency 
of one syllable, as an original ca carani might possibly have been written as cardni. The extra syllable 
in the fourth foot can be explained in the manner we did earlier. 

3^41' c^^7f^ (^) | 
^^(*) SSta^^TJRJT (#^:) || 9o || 

Vyatlpata and Vaidhrta 

20. When the sum of the true longitudes of the Sun and the Moon equals one 
complete revolution, (i,e., twelve rdsis) there is the^ioga called Vaidhrta. When 
this sum plus ten naksatras (i.e., rdsis 4-13-20) equals a complete revolution, 
(i.e., twelve rasis or twenty-four rdsis), then is the yoga called Vyatipata. Their 
time is to be found by using the sum of the daily motions of the Sun and the 
Moon. 

The yogas are found thus: The true Sun and Moon are computed for the ending moment of every 
day. When the sum of these is a little over 1 2 rdsis, during that day the end of the Vaidhrta will occur. 
('A little over' means, not more than the sum of their daily motions). When the sum plus rd. 4- 1 3-20 
is, in the same way, a little over 12 rdsis or 24 rdsis, the ending moment of the Vyatipata will occur 
during that day. The ending moments must be found like the ending moments of naksatras men- 
tioned already, using, in the place of the daily motion of the Moon, the sum of the daily motions 
of the Sun and the Moon. 

Example 1 0. (a) At the ending.moment of a day the true Sun is2'20° and the true Moon 9 1 5°. Their daily 
motionsfor the day are 57° and 783 ' respectively. Show that Vaidhrta will occur on that day, and jind its ending 
moment. 

The sum of the true longitudes is 12 r 5°. This is a little, i.e. 5°, over 1 2 rdsis, (5° being less than 57' 
+ 783'). Therefore Vaidhrta will end on that date. The ending moment is when the sum is exactly 
12 rdsis, i.e. the sum is less by 5° or 300'. Therefore, the ending moment is 300 X 60 -5- (57' + 783') 
= nd. 21-26 earlier than the end of the day, i.e. nd. 38-34 from the beginning of the day. 

(b) At the ending moment of a day, the true Sun and Moon are: 9 r 15° 20' and 10*7° 20', respectively, and 
their daily motions 61 ' and 749'. Show that Vyatipdta ends on that day and find the moment. 

The sum of the true Sun and Moon = 1 9 r 2 2° 40 ' . The sum plus 4 r 1 3° 20' = 24 r 6° ' . This is more 
than a full revolution by 6° which is less than the sum of the daily motions, 61 ' + 749' = 13° 30'. 
Therefore Vyatlpata ends on the day. The ending moment is: 360' X 60 -f- (6 1 ' + 749') = nd. 26-40, 
before the end of the day, i.e. nd. 33-20 from the beginning of the day. 
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The author here gives the computation of two of the twenty-seven yogas, Viskambha, etc, of which 
Vyatipdta is the seventeenth and Vaidhrta is the twenty-seventh. These have to be known because 
offerings are made to the manes and other deeds of merit are performed at these times, as at 
Visuva, Ayana, Sankrama, etc. (which also are going to be given), these being two well-known days 
aniong the ninety-six Sraddha-days. All astronomers know that the twenty-seven yogas are com- 
puted like the twenty-seven naksatras, using the sum of the true Sun and Moon in the place of the 
true Moon and the sum of the daily motions in the place of the Moon's daily motion, because the 
yoga and the naksatra have equal extent, viz. 800 minutes. Vaidhrta, the twenty-seventh of the 
Viskambha series, and theVauihrta here given are identical because the one ends at twenty-seven 
naksatra segments, i.e. one full revolution, and the other also ends at a full revolution, the duration 
of both being the same. In the same way, the Vyatipdta given by the author is the same as the seven- 
teenth yoga of the same name in the Viskambha series because, true Sun + true Moon + 10 naksatra- 
lengths = one revolution = 27 naksatra-lengths. Therefore true Sun + true Moon = 27-10-17 
naksatra-lengths, given for Vyatipata of the Viskambha series. 

For the sake of syntax sahitesu has been corrected as sahite tu. For the sake of grammar cakmh is 
corrected as cakram, for the neuter gender alone means a cycle or revolution, viz. 12 rdsis. Or let lt 
be the masculine cakrah itself, meaning collection which ultimately can yield the idea of a collection 
of 12 rdsis. yitair bhdgaih is corrected as yutair bhdgaih, i.e. 'the sum of the daily motions', which is 
necessary . Gatairbhdgaih or sthitair bhdgaih can satisfy the context, but will not be sufficient, for divi- 
sion by the sum of the daily motions cannot ordinarily be understood without being told. But the 
correction, of cakre, which is quite all right, as satke by TS is unwarranted and due to ignorance of 
what is wanted here. 

Another thing must be mentioned. If the t\ienty-se\enyogas, Viskambha etc, are computed, as m 
the later-day works like the Siirya Siddhdnta, then there would be no need to take the trouble of com- 
puting these two, viz. the seventeenth and the twenty-seventh, alone separately. If we are 
instructed to do these two separately, it is because the Paulisa did not have the twenty-seven?ogtts. 
We have reason to believe that even during the time of the VM these did not exist, for in the Brhat- 
samhitd, while naksatra, tithi and karana are taken up for astrological predictions;yoga is not so taken. 

The following is the history of theyoga. Theyoga is not mentioned in the Vedas, and the Veddiiga 
hotisa does not give it. From the Paitdmaha condensed by our author we can infer that the origmal 
Paitdmaha Siddhdnta gave the Vyatipdta for the f.rst time, for this condensed Paitdmaha gives the rule 
for Vyatipata: "Multiply the days from Epoch, (this Epoch is different), by 12, and dwide by 305 
(XII 8) In the Bauddha and Jain astronomical works, like Suryaprajnapti and Kalalokaprakdsa, too, 
the Vyatipdta alone is mentioned. Because the author gives both Vyatipdta and Vaidh T ta here, we can 
euess that the original Paulisa had Vaidhrta also. Aryabhata, a contemporary of VM, mentions 
Vyatipata alone in the sutra, "The Sun's cycles plus the Moon's cycles are the number of Vyatipatas 
(ABh Kala. 3,), but commentators take him to mean Vaidhrta also by implication, for, the Mahdbhas- 
kariya which is practically a commentary on the Aryabhatiya says, "When the Sun plus the Moon equals 
six signs it is the Vyatipdta, when it is twelve signs it is Vaidhrta, and when lt is equal to the distance of 
Anuradha it is the yoga Sarpamastaka" (IV. 35). Here the sum being equal to twelve signs, gives the 
Vaidhrta mentioned in the context, which is patent. The distance of Anuradha being equal to 
seventeen naksatra segments, Sdrpamastaka is to be identified with the Vyatipdta of the Paulisa, 
which, as we have shown, is the seventeenth of the Viskambha senes. Govindasvami too, m his 
Mahdhashariya-Bhdsya on this verse quotes the original Aryabhatiya-Sutra and explains that Bhaskara 
here gives both Vyatipdta and Vaidhrta. (As for the Vyatipdta given by the sum equal to six signs, that 
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is the Mahavyatipata, distinct from the seventeenth of the Viskambha series, which is not what we are 
talking about here.) 

Prabhakara, generally mentioned as a disciple of Aryabhata, has mentioned sevenyogas, which he 
called Mahddosah ('the great Inauspicious'). This information we have from two slokas quoted by 
Sankaranarayana in his commentary on the Laghubhdskariya as Prabhakara's. The slokas say, "Find 
Sun plus Moon, in terms of naksatra-segments. When they are equal to twenty-seven (i.e. a full 
revolution), when 14, 8, 12, 5, 17, 18 and 10 are added, there are the Mahddosas Nirodha, Parigha, 
Vajra, Danda, Ganda Sula and Vyatipdla, respectively. In this group, all excepting Danda, can be 
identified in the Viskambha series. Prabhakara has not included Vaidhrta in the group, perhaps 
because he does not consider it as aMahddosa. Because these are computed individually, by a special 
rule, we can conclude that the twenty-seven yogas, Viskambha etc, were not in vogue in the days of 
Prabhakara. We have mentioned that in the days of Bhaskara a senior contemporary of 
Brahmagupta, also the twenty-seven yogas did not exist. Though it may be supposed that the 
twenty-seven yogas had come into vogue by Brahmagupta's days from the statement, "The minutes 
of the sum of the longitudes of the Sun and the Moon, divided by 800 are the yogas", (Br. SpSL, 
Spasta. 63) and on the strength of this we ourselves have written that Brahmagupta knew the 
twenty-sevenpg-oi 3 in our Introduction to the Mahdbhdskariya, it is now learnt that the statement is 
an interpolation because this is not taken up and commented upon by Prthudahasvdmi in his Bhdsya 
of the Brdhmasphuta-Siddhdnta and also because in giving the computation of punyakdlas at the ends 
of tithis, naksatras, etc. according to custom, like Vatesvara and Srlpati, Brahmagupta omits yoga 
while the others mcm&eyoga as well. In the Surya-Siddhdnta etc. which are later, the Viskambha series 
find a place. Thus of the five angas, the yoga was the last to develop. 

We said that the Vyatipdta was the first yoga born and next Vaidhrta. We shall consider their 
nature and how they arose. The Vedic priests and astronomers were in the habit of observing the 
sky looking for celestial occurrences like the rising and setting of the Sun and the Moon, because of 
the need of this kind of knowledge for the performance ofyajnas and out of thirst for knowledge. 
It is said that the Gavam-ayana Satra was designed for this very purpose. The following facts were 
observed by them. At one time the Sun rises farthest south of the East point, that is the end of 
Daksindyana and beginning of Uttarayana. (This is the winter solstice). After that, the Sun rises more 
and more north every day and, at the end of six months, rises farthest north. Then is the end of 
Uttardyana and the beginning of Daksindyana. (This is the summer solstice). From that time it begins 
to rise more and more to the south, until after six months again it is farthest south. This is the end 
of Daksindyana and the beginning of Uttardyana again. Thus in a year there are the two courses of the 
Sun, northward and southward. In a given place, the exact point north or south where the Sun rises 
depends on its declination north or south. Like the Sun, the Moon too, according to its declination, 
rises north or south of the east-point and has its Uttardyana in about fourteen days and its 
Daksindyana in about the same period, the total taking a little more than twenty-seven days. Now, 
the day on which the Sun and the Moon rise almost at the point, one moving south-ward, and the 
other moving north-ward, coming to meet each other as it were, that day is the Vyatipdta. Because 
they cross each other moving mdijjerent directions, the phenomenon is called Vyatipdta or Vyatipdta. 

Now, how can the time of the phenomenon be computed? Because they must rise nearly at the 
same point, their declinations must be nearly equal. That they must be moving in opposite directions, 
i.e. their respective ayanas should be different, has been mentioned. These two conditions can be 
approximately secured if the position of one is as far away on one side of the junction oWttardyana 
and Daksindyana, as that of the other is on the other side of the junction. Let us take it that the 
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longitudes are reckoned from the starting point of the Uttardyana (winter solstice) as m the : V«faqga 
hotisa and the Paitarmha from $ravisthd. The two being at equal distances on both sides of the zero 
point means that the sum of their longitudes is cqual to one full ^oluUon ,e. twe ^ ^ 
that the Paitdmaha eives by its rule, 'Multiply the days by twelve and dwide by 305. But, because tne 
SSS^ will generally differ from that of the Sun at this time on account of 
Its Ltkud" the time given is only a PP roximate and the PaUamaha intends that the actual time 
should be found by observation. 

If we reckon the longitude not from $ravisthd as the zero point but from Aswni, then the longitudes 
will each be five naksatras less, because Asvini is five naksatras forward and the sum w,U be ten 
mksaras less Therefore, if ten naksatras are added to the sum of the longttudes (as the author asks 
" to do) we have the condition fulfilled, and therefore the Vyati P dta. Butm course of Ume, on 
"count of the precession of the equinoxes, the winter solstice had moved ^^^^ 
Makara at the time of the author, and now still more backward so that confor ml ty to deAnmon^ 
growing less and less. But on account of respect for the old Sdstras, the l7th contmued and s 11 
continues to be the Vyatipata, just as we continue to observe Uttardyana ntes sttll when the Sun 
ente s Mak^ra because UUardyL was once there, though now it has come dowr unto Mula. A ^new 
type of Vyati P dta called the Mahdvyati P dta came into existence to satisfy the defimtion. This u 
mentioned by the author in the next two verses. 

The memory of a sacred day at the sum being a full revolution resulted in the creation ^of a _new 
sacred day even when reckoned from AsvM, and it was called Vauihrta, because the : old VyaU P ata 
:3nd' (dh r ta), as ,t were, by this. Because it ha; > grown in *e place J^^. 
Vaidhrta itself is sometimes called Vyati P dta. For e.g. the Surya-Siddhanta says, This is another^ we l 
known ^msta called by the different name of Vaidhrti" (XI . 8) and "The three fearsome V)0*rtu 

22)"datami Ilso says this: "When the sun plus Moon is equal to snc signs, there ^yaupa^ 
When it is equal to twelve signs it is VaiAhrtn and this is also called VyatipdW, for ins said The sum 
of the revolutions of the Sun and those of the Moon are the Vyatt P atas (m the yuga) (ABh. Kala 3) 
How does this mean that? This is how: The sutra primarily gives only the Vaidh T tas that come at the 
end Tof fu 1 re oTutions, which are called Vyati P dtas because both have the same characterist.cs The 
effect of both being the same, Vaidhrta is called Vyati P dta. So the vyaU P atas charactensed by f u 1 
revolurion S and half revolutions are both given by the sutra. (Govindasvamfs Bhasya, Mahabhas- 
karixa IV 35) Sankaranarayana too, by saying "Aryabhata mentions the two types oi^yati^atas , in 
his commentary on Laghubhdskariya r II. 29, understands Vaidhrta also by the word Vyati P dta. 

2 1 When the Sun began to turn south, i.e. when the summer solstice was at 
the middle of the asterism, Aslesa, the requirement of the detinition that the 
Sun and the Moon should be in different ayanas was satisfied. But now the 
turning south takes place at three quarters of Punarvasu. Therefore the 
definition has become faulty. 
From this we can infer that the author knew the precession of the equinoxes. In the Brhatsamhita 
also he says the same thing, "Certainly at one time, the summer and winter solstices were at the 
middle of Aslesd and the beginning oiDhanisthd, respectively, because such has been mentioned m 
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the ancient lore. But now the summer solstice is at the beginning of Cancer and the other one at 
the beginning of Capricorn. If at any time this is not conformed to, then there is a further change, 
whichcan beseenandmeasuredbyobservationandexamination."(Br. Sam. III. 1-2). Itisfromthis 
that we have interpreted Punarvasu as "the point at three quarters of Punarvasu". The ancient lore 
mentioned here includes Veddnga-Jyotisa and Paitdmaha Siddhdnta. The Ydjusajyotisa says "At the 
beginnmg of Sravistha the Sun and the Moon turn northward and at the middle of Aslesa they turn 
southward, with the Sun always in the Magha and Sravana months, respectively" (verse 7). "When 
the Sun and the Moon rise in the sky together, with Sravistha with them, the Yuga begins then as also 
the month of Magha, the seasonal month Tapas, the bright fortnight, and the turning northward " 
(verse 6). As the Paitdrmha too counts the naksatras of longitudes from Sravisthd and says that it is 
Vyatipdtd when the sum of their longitudes is a whole revolution, we can infer that the turning 
northward is at $ravisthd. 

GWildKH (*IT)# ^Iicf>cbl8i ?T(T?ft) *rfc?«H* | 

22. With the Moon approaching to meet the Sun, moving in a direction 
opposite to that of the Sun, when its true declination (i.e. the mean declination 
plus its latitude) becomes equal to the Sun's and when the sumof their longi- 
tudes is nearly six signs, then is the Vyatipdta conforming to the definition, (i.e. 
the Mahdi/yatipdta). 

The minimum and sufficient conditions for the Mahdvyattpata are that the Sun and Moon should 
have different southward or northward courses and that their true declinations must be equal, both 
being north or both being south. The second part of the second condition, though not mentioned 
by the verse, is implied in the requirement that the sum should be nearly six signs. Because the 
northward or southward courses and the declinations depend on the tropical longitudes, we can 
understand that the sum also is of the tropical longitudes (i.e. the sdyana longitudes) of the Sun and 
the Moon. If this is not stated it is because during the time of the author the Ayandmsa, i.e. the 
difference between the tropical and sidereal longitudes, was practically zero and the author 
intended the work as a karana not to be used for a very long time when the ayandmsa would become 
considerable. 

We have interpreted "half revolution as approximately six signs" because when the Moon has a 
latitude as generally it would have, the equality in declination will happen not exactly at the sum 
being six signs. Only the mean declination of the Moon will be equal to that of the Sun when the 
sum is exactly six signs, as Bhaskara I says in his commentary on the Aryabhatiya, (Kdla, 3), "Yyatipdta 



2 1 . Quoted by Utpala on BS 2, p.40. 
21a. Al.Bl^.ST^Wo 
b. B.Phd)$f*<<J|W 
c. A.^W«R 
d. A.^H^-i 
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b. B.^^A.B. ^ I ^^M: 
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c. B.T5|fcT 
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occurs when the declinations are the same and the courses are different. The expression haif- 
revolution in that connection is only meant to be approximate, because by the latitude of the Moon 
it may be a little more or less." Therefore we should examine whether a Vyatipdta would occur at 
the neighbourhood of the sum being six signs, because it can occur only there. But sometimes lt 
may not occur at all, because the definition is not satisfied (All this is expounded clearly in works 
like the Siddhdnta Siromani and we stop with this). 

One may think that we are making contradictory statements by saying in the history of the origin 
of the Vyatipdta, that it occurs at the sum being full revolutions and here that it occurs at half revolu- 
tions. There is no contradiction because the origin from which the longitudes are measured is 
different in the two cases. In the former the winter solstice was taken as the origin, and, in the latter, 
the spring equinox. There is a difference of three signs between the origins, which causes the same 
difference in each of the two longitudes, with the result that there is a difference of six signs in the 
sum. That they are the same can be shown thus: The Sun measured from winter solstice, (say, a) 
= the Sun measured from spring equinox (say, b) + 3 signs. The Moon measured from winter 
solstice, (say, a) = the Moon measured from spring equinox (say, b) + 3 signs. Therefore a + a' = 
b + b' + 6 signs. If a + a' = full revolution, b + b' + 6 signs = full revolution, therefore b + b' = 
full revolution - 6 signs = half revolution, which proves the sameness. Spring equinox is not men- 
tioned because at the author's time it was situated at the beginning of Asirini and longitudes are 
reckoned from there. 

Emmple ll.The Sun and the Moori at the endojtheday are rd. 1-10-0 and rd. 4-23-30, and their daily 
motion 57' and 783 '. Taking the spring equinox to be at the beginning of Asvini, i.e. the winter solstice at the 
beginning of Capricorn, examine the possibility ofVyatipdta, in both ways. 

Because the longitudes are from zero Asvini, they are the same as reckoned from spring equinox 
also, both points being the same in the problem. Therefore sum of longitudes = ra. 1-10-0- + ra. 
4-23-30 = rd. 6-3-30. This is 3° 30', i.e. 210', over a half revolution. The sum of the daily motions 
= 57' + 783' = 840'. Therefore at 210 x 60 + 840 = 15, nddis before the end of the day, the sum 
is equal to a half revolution or 6 signs, and so Vyatipdta may occur in its neighbourhood. 

Otherwise, if the longitudes as measured from winter solstice, the Sun = rd. 1-10-0 - rd. 9-0-0 
= ra. 4-10-0. The Moon = rd. 4-23-30 - rd. 9-0-0 = rd. 7-23-30. Their sum = rd. 4-10-0 + rd. 7-23- 
30 = rd. 12-3-30, and this is 210' over a full revolution. Therefore 210' X 60 + 840 = 15, nddis 
before the end of the day. The sum is a full revolution and the Vyatipdta may bccur as its neighbour- 
hood. (Note that worked in both ways, the time is the same). 

Now for the readings. In the place of pdto we have taken^ato because the scribe may easily mistake 
pd for ya. But the correction bhdgo of TS does not agree with the second case in arkakdsthdm and 
deserves to be rejected. The wrong reading, sasi-saviksepah has been corrected by us into sasi 
saviksepah, by a simple lengthening of. But TS and NP have made hsasiraviksepah which is incorrect 
and also does not agree with kdsthdm. The meaning which they have taken for this verse itself is 
wrong. Their interpretation oikdstha into 'maximum declination' i.e. 24° (or 23° 20') is not proper, 
for, in his work (see Chap. IV), kasthanta is used for maximum declination and kasthd is taken to 
mean only declination. Let us concede it is maximum declination and therefore means 24°. Even 
this does not agree with the meaning given by them because they want and imply 23° 20' only there. 
If 24° is given roughly for 23° 20', why not 23° which is nearer. They do not seem to have under- 
stood at all what is sought to be conveyed by the author. 
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[M^nid|iU^*H:] 
Sat^asiti-punyakala 

23-24. At the first point of Mesa (Aries) and Tula (Libra) are the spring and 
autumnal equinoxes (and the sacred days thereof are when the Sun is there.) 
The commencements of the sacred days called Sadasitis are at periods of 86 
solar degrees commencing with Tuld-zero point. The days in the solar months 
after the respective commencement of the Sadasitis are sacred as connected 
with the manes. The commencement of the Sadasitis are after 14 degrees of 
Kanya, (Virgo), after 18 degrees of Mithuna (Gemini), after 22 degrees of 
Mina, (Pisces) and after 26 degrees of Dhanus (Sagittarius). 

The main purpose of the author in giving the equinoxes here is to indicate the sacred days con- 
nected with them as can be gathered from the context. The equinoxes, i.e. the points of intersection 
between the ecliptic and the celestial equator, though moving westward slowly along the ecliptic, 
(this is the precession of the equinoxes), were at the first points of Mesa and Tula only at the period 
of the author. At the present day. the equinoxes have moved far into Uttara-Bhadrapada and 
Uttara-Phalguni, but the sacred days are still observed with the Sun entering Mesa and Tula by 
blind routine. 

The time taken by the Sun to move one degree is a 'solar day' according to Hindu astronomers. 
(We have put it within inverted commas, because in English it means the ordinary day caused by 
the Sun and therefore quite different), So in a solar year there are 360 'solar days', and in each solar 
month 30 'solar days'. As for counting from zero-Tula, this is enjoined by the Dharma-sastras. The 
commencements of the Sadasitimukha-s are, 1 x 86° = 86°, 2 X 86° = 172°, 3 X 86° = 258° and 4 X 
86° = 344°. from zero-Tula, i.e. from ra. 6-0-0. Therefore they are ra. 6 + 86°, ra. 6 + 172°, rd. 6 
+ 258° and rd. 6 + 344°, and these are, respectively, 26 degrees of Sagittarius, 22 degrees of Pisces, 
18 degrees of Gemini and 14 degrees of Virgo. These sacred days are not observed in these days 
and it would be interesting to know when and how they went out of vogue. When the Sun enters 
Sagittarius, Pisces, Gemini and Virgo, we observe the sacred day, calling it Sadastti; and in the place 
of the last sixteen 'solar days' of Virgo, (these seem to have secured importance at the time of Surya 
Siddhdnta) the dark fortnight of Bhadrapada is dedicated to the Manes, with the name of Mahdlaya- 
paksa. The dark fortnight of Asvina also is observed as a secondary Mahdlaya-paksa and it is the 
belief that the Manes are sent back to their world on Naraka-Caturdasi. Now, what is the speciality 
about 86 solar days, it may be asked. This period is three synodic months less one day. It may be 



23a. A.^P^A.^;B.1.2.C.D.H^B3.^5 
b. A.^Td 
c. A.B.fa^# 



d. A.B.ISr^T^;: 
24b. A. !^ 
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that a section of people observed a sacred day for the manes once in three synodic months, and then 
this came in its place. 



Solstices 

25. The Sun's turning northward is when it reaches the zero-point of Makara, 
(Capricorn), i.e. at winter solstice, and its turning southward is at the zero 
point of Karkataka (Cancer) i.e. at summer solstice, with the attendant sacred 
days. The seasons Sisira etc. commence with the winter solstice and each 
season lasts two tropical solar months. 

The precession of the equinoxes implies the precession of the solstices as well and therefore the 
solstices at the zero-points of Karkataka and Makara is true only for the period of the author. If the 
sacred days are observed still when the Sun enters these signs, it is again blind custom. 

As the seasons depend upon the position of the mid-day Sun in the sky and the length of day 
time, and these depend on the Sun's declination depending on tropical (sayana) longitude of the 
Sun. the seasonal months are different from either the solar sidereal months Mesa etc. or the 
synodic months Caitra etc, and these cannot correctly represent the seasons. That is why the Vedas 
give a new set of months, (actually tropical months) for the seasons: Madhu and Madhava are the 
months constituting the Vasanta (spring) season, Sukra and Suci are the months constituting the 
Grisma (summer season), Nabha and Nabhasya are the months constituting the Varsa (rainy) 
season Isa and Urja are the months constituting the Sarad (post-rainy season); Sahas and Sahasya 
constituting the Hemanta (pre-winter) season; and Tapas and Tapasya constituting the Ststra 
(winter) season. (Suklayajurveda, 13.25). Even in the VedangaJyotisa we have the mformation that 
the Sisira season begins with the Uttarayana (winter solstice). The Yajusa-Jyottsa (verse 6) says, 
"When the Sun and the Moon rise together, with Sravistha, from then commence the^wga, the 
month of Magha, the seasonal month Tapas, the light fortnight of the month, and Uttarayana".As 
Tapas is the first month of Sisira we understand $isira begins with" Uttarayana. By mentiomng 
Magha and Tapas distincdy, we understand that the Vedas wish us not to confuse the two. But con- 
fusion there has been, and still continues, with the result that people call Mesa and even Vrsabha 
spring months, though patently we have summer then, Kumbha and Mina being practically the 
spring months now. This confusion has resulted in Madhu, Madhava etc. and Caitra, Vaisakha etc. 
as synonyms. People who know are amused, when in the sankalpa recited for Hindu rituals the 
month of Vrsabha, which is advanced summer, is mentioned as spring. 



25.QuotedbyUtpalaonBS2,p.23. b. A.^rl^T; B1.2.^d+VI^I 

25a. A.Bl.WI^ c. U.WTT 
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Sankranti-kala 

26. The angular diameter of the Sun in minutes, multiplied by sixty and 
divided by the daily motion of the Sun, are total sacred nddis of Sankranti 
(literally 'crossing'). Half this time before and after the Sun entering a rdsi, is 
sacred. 

The Paulisa does not give the angular diameter of the Sun, so it must be the intention of the 
author to use the angular diameter given by the Romaka or the Saura. . 

Emmple 12. the angular diameter ofSun is 31 ' and its daily motion 57\. The Sankramana is 19nddis after 
sunrise. Find the sacred nddis. 

Angular diameter X 60 h- daily motion = 31' X 60 h- 57' = nd. 32-38. Half this is 32-38/2 = nd. 
16-19. Thereforena. 19-0 - na . 16-19 = nd. 2-41 tona. 19-0 + 16 - 19 = nd. 35-19 is the sacred 
period. 

The rule is proved thus: The time of the centre of the Sun's orb crossing to the next sign is the 
time of Sankramana. At this time half the orb is in the previous sign and half in the next. The period 
when parts of the orb are in both signs is the sacred period. So it begins when the east point of the 
orb just enters the next sign and ends when the west point just leaves the previous sign. So, during 
the interval the Sun moves a distance equal to its own diameter. This time is got by the proportion: 
daily motion: angular diameter :: 60 nadikds: the required time. Therefore ang. diameter X 60 

60 is the time in nddikds. As half this time is required for the mid-point to reach the junction of 
the signs, half this period placed on either side of the tirae of the mid-point crossing over gives the 
beginning and end of sacred period. 

It must be noted that if the angular diameter is computed according to the old Hindu astronomical 
works and used, the sacred period would be constant whatever be the daily motion, and the sacred 
period can easily be given as so many nddikds before and aher sankramana. How? Letx be the mean 
angular diameter in minutes. According to Hindu astronomy the angular diameter is proportionate 
to the daily motion, (because the motion is taken inversely proportionate to the distance and the 
angular diameter also is inversely proportionate to the distance) (See VIII. 15, IX 14-16). Therefore 
the angular diameter = x multiplied by daily motion mean daily motion. The period = angular 
diameter X 60 -e- daily motion = xx daily motion X 60 h- (daily motion X mean daily motion) = x 
X 60 -5- mean daily motion which is constant. If to avoid this we assume that the mean diameter is 
intended to be used in the rule, then the rule is unreasonable. Or we have to accept it on the injunc- 
tion of the Dharmasdstras, throwing the burden on them. We said, "according to the old Hindu 
astronomical works", because actually the angular diameter is not exactly proportional to the daily 
motion. 

26a. Bl.^W: B2.^fpT; B3.HN?1T d. Bl.^^d^H 

b. Al.Tf5W°; B. ^H^d l ForW^ BL2.^fenff!r:; B2.^^Pf?rr^ 
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Tridinasprg-yoga 

27. When a tithi extends throughout a day, coinciding with a part of the 
previous day and the next day, the occurrence is called Tridinasprg, (literally 
'touch of three days'). (If, besides a whole tithi, parts of the previous and next tithis 
fall on the same day, the occurrence is called avama, literally, 'uncounted tithi'). 

The only thing we have done to the reading in the first half of thc verse is to change sa intc > sa 
which is ouite warranted. But TS have changed de into dt and introduced a new word, anya. Sull 
their reading of the text cannot yield the meaning. To agree with tithitraya-sparsanat^e corrected 
ahnah into avamah, because avama alone results by contact with three tithis. The wordaW* is neces- 
sary also, but can be understood from the context, though not mentioned, but not so avamah. If 
this part is left uncorrected as TS have left, the expression would be non-sensical hke Sudhakara s 
meaning: "Because the day touches three Mus, it is called Three-day touchmg . Buif Thibaut has 
grasped the idea here, though calling it "the conjunction touching three Tithis NP too have 
caught the idea, but since the relevant emendation to avama did not stnke them, they merely say 
'(there is a yoga)\" 



Rahu (Node) 



28. Multiply the days from Epoch by 8 and divide by 151. Rahu's motion is 
got in degrees etc. Add minutes equal to revolutions. (The motion becomes 
exact.) 

29. Deduct the motion from T 25° 59'. The remainder is Rahu's Head (what 
is called Dragon's Head, a popular name for the Ascending Node). Add 6rasis 
to Rahu's Head, (Dragon's Tail or Descending Node), is got. 

Emmple 13. (a) Days from Epoch, 75,500; find Rahu's Head and Tail. (b) Find the Head of Rahu at 
Epoch, i.e. for Zero day . • 



27b. A.^3B.*i% 

A.° ^d l V I MIW ; B.°^VIWml; D.°^t"^ 

c. B.o^a^: B.^ 
d. A.B.C.D.W || 
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(a). Rahus motion for 75,500 days = 8 X 75,500 divided by 151, degrees = rev. 1 1-1-10-0. The 
exact motion = rev. 11-1-10-0+ 1 1 minutes = rev. 11-1-10-11 — rd. 1-10-1 1, omitting futl revolu- 
tions. Rahu's Head = ra. 7-25-59 - rd. 1-10-1 1 = rd. 6-15-48. Tail = ra. 6-15-48 - ra. 6-0-0 = ra. 
0-15-18. 

As the motion of Rahu is zero, the Head of Rahu is the constant itself, viz. rd. 7-25-59. 

As the motion is 8° in 151 days, according to this Siddhdnta, to move 360°, i.e. one revolution, it 
takes 360 X 151-^8 = 6795 days. But during this period it moves one minute more, i.e. the exact 
motion is 360° 1' in 6795 days, i.e. one revolution takes 360° X 6795 - 360° 1' i.e. 6794 days, 19 

nddis. 

We have seen that the Head of Rahu for the Epoch, according to the Paulisa is the constant itself, 
viz. rd. 7-25-59. According to the Saura (condensed by the author) it is rd. 7-26-6. According to the 
Vdkyakarana it is rd. 7-26- 1 1 . According to modern astronomy, taking the ayandmsa as being zero for 
the period it is rd. 7-26-0. According to the Siddhdnta Siromani it is rd. 7-27. 13. We see that all except 
the value of Siromani agree closely, verifying the Paulisa value for the Epoch. The disagreement of 
the Siromani value is only apparent, for the zero point of the Siromani zodiac is about one degree 
behind that of the rest, (as may be seen by comparing with its co-ordinates of the stars or from its 
Sun being one degree more than that of the rest) and if the same point is taken as the origin, the 
Siromani too gives about rd. 7-26-13. 

Thus the value at epoch is necessary to get the Rahu at any moment, and it is this that is given 
by Vrscikabhdgd Rdhoh etc. But TS have.not understood this need (as they did not understand 
the need for the ksepa in the case of the Moon (see II. 3) and gave a wrong interpretation of 
sasimuninava-yamdsca rdsyddydh) and give the following laughable explanation: "The measurement 
of the limbs of Rahu having the form of a scorpion is 25 minutes. Deducting this from the motion 
of Rahu obtained from (28), the head or face of Rahu is to be found. This plus six rdsis is the tail. 
We have to rely only on the words of the ancients to know that the scorpion-like limbs of Rahu mea- 
sure 25 minutes, there is no other reason." Now we ask: Let it be that they have not understood the 
need for the ksepa. How did it not occur to them that Rahu can be got only by deducting the motion 
from something, whether it is a cycle or some other constant, because the motion is retrograde (as 
they themselves have said in other places: "Rahu deducted from a full revo!ution is the Head, this 
plus six rdsis is the tail", IX. 6, "deducted from the end of Pisces is the head", VIII. 8). It also appears 
here that Thibaut is not satisfied with Sudhakara's explanation. Further, how did it not occur to 
them that^^^^j&^^«^a^ s 'c^«^%«^ means rd. 7-25-59, when they have correctly inter- 
preted simhasya yasuyamdmsdh as (XVI. a) rd. 4-28-0, sdrdhdh pancdlino (XVIII. 1) as rd. 7-5-30, nava 
sdrdhdh kanydmsdh (XVIII. 1 1) as rd. 5-9-30, sodasa vrsabhasydmsdh nava liptikdvarjitdh (XVIII. 18) as 
rd. 1-15-51? It is really astounding what tricks the mind can play! 

Incidentally, the follo.wing should be mentioned here for general information. Following the 
nomenclature of the ancient Samhitds, the author calls the ascending node Rahu's head, and the 
descending node 'Rahu's Tail', both being Rahu, though generally in later astronomical works the 
word Pdta is used. In recent times, somehow the term Ketu has come to be applied to the descending 
node, Rahu being retained for the ascending node, though there is no authority in astronomical 
works or Purdnas to bring in Ketu here. The ancient Samhitds use the term Ketu for the 
Dhumaketus or comets and, as deities they are generally referred to in the plural. They are also 
characterised by unpredictable motions and in the Brhatsamhitd too the author says so. (This is the 
view of the ancients though we now know that a number of them are periodic, and their positions 
can be predicted with tolerable accuracy). They are worshipped in the collective, as seated on doves, 
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with the expression, "Salutation to the Ketus." From the singular in the mantra of their invocation, 
Ketum krnvannaketave, one may think that Ketu is referred to in the singular also. It is not so. Here 
the word does not mean the 'Comet' Ketu at all. The mantra itself is in praise of the Sun arid Ketu 
here means the activity caused by the Sun in the sleeping inactive world. How then is this mantra 
used to invoke the Ketus? The utterance of the word Ketu here is sufficient, as the utterance of the 
manyia sounds in the Mantrasam no devih etc. (Rgveda 10.9.4) is sufficient to propitiate Sanaiscara. 
though the mantra itself refers to the water-deities, or the utterance of the word mayura in the 
mantra, dmandrair intra haribhih etc. (Rgueda 3.45.1) is sufficient to propitiate Subrahmanya, 
though the mantra refers to Indra, as also words like, Om, atha kalydna etc. cause auspiciousness by 
their mere utterance. So, according to the Sdstras, Ketu refers only to the Dhumaketus, and Rahu 
is both the nodes, the recent application of the term Ketu to the descending node being un- 
warranted. Therefore, when the Dharmasdstras enjoin the eclipses caused by Rahu as sacred 
periods, they take in both the ascending and the descending nodes, and the suggestion by some that 
they do not take in the descending node on the score of some un-informed people calling it Ketu 
is wrong because what they call Ketu is really Rahu. 

[«rai&^T:] 

#ft^^-5f^5(^)TRIT^^nnrT: || || 
fHkHyM&4 [^T] Wt(^TT5)^n#5^5^r5r ||^ || 

Moon's latitude 

30. If the Moon lies between the Head and the Tail it is north of the ecliptic, 
(i.e. its latitude is north). If it lies between the Tail and the Head it is south of 
the ecliptic, (i.e., latitude is south). 

31. The latitude is a maximum equal to 280 minutes when the Moon is 90 
degrees distant from either Head or Tail. The latitude is to be found by pro- 
portion, at other places, using the distance in degrees from Head or Tail, 
whichever is nearer. 

Example 14. The true Moon is rd. 2-7-0. Rdhu's Head is rd. 5-3-0. Find the latitude of the Moon. 

The Tail is Head + ra. 6-0-0- = rd. 1 1-3-0. The Moon is between Tail and Head. Therefore the 
latitude is south. The distance of the Moon from the nearer limb, Head is rd. 5-3-0 — ra. 2-7-0 = 
rd. 2-26-0 - 86 degrees. For 90° the latitude is 280'. For 86° latitude is 86° X 280' -e- 90° = 267 W, 
South, as seen. 



30a. B.^I^PR 31b. B.°^W?f?I 

b. A.Bl.^M. B.<*Ttf$ c-d. A.^Wtt^Mt^ I ; 

c. Al.Bl.^; C.eKHI^!t<>dlM B.i^lldy^ldl-^ I ; 
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The rule is explained thus: The Moon moves in its own orbit, inclined to the ecliptic at an angle 
equal to the maximum latitude. Hindu astronomy assumes this motion to be on the ecliptic itself 
and gives the Moon's longitude, because there is only a maximum difference of 7'. Between the 
ascending and the descending nodes the orbit is north of the ecliptic and therefore the latitude 
measured on the great circle perpendicular to the ecliptic and passing through the Moon, is north. 
Between the descending node and the ascending, the orbit is south and the latitude is south. The 
distance between the node and the Moon, the latitude and the angle of inclination forming a spherical 
triangle, we have : sin latitude = sin interval X sin maximum latitude. The maximum being small 
and the latitude being generaliy less than this, sin latitude and sin maximum latitude are propor- 
tional to the latitude and maximum latitude, and we have the formula,.lat = max. lat X sin interval. 
But the Paulisa takes the latitude proportionate to the interval itself and gives the rule. 

We have to consider here whether the author intends that the latitude is to be found in propor- 
tion to the actual degrees of the interval or the sine of the interval in degrees. The triangle being 
spherical, the correct thing would be to use the sine. But we have reason to think that the degrees 
themselves are intended to be used in the proportion, for if the sine is to be used it must be men- 
tioned. Also, this Siddhdnta uses only the proportion by degrees in other places also, where propor- 
tion by sines alone would be correct, as for e.g. in the solar eclipse, in correcting Rahu and in 
calculating valana, i.e. transformation of direction (see VI. 2-4, 8). Therefore the original Paulisa 
itself has instructed proportion by degrees, as being sufficiently accurate, which the author reiterates 
here. But in computing the parallax (in time) in the case of the solar eclipse the sine is used either 
by the Paulisa itself, to avoid too much inaccuracy, or by the author VM to save the Siddhdnta from 
ridicule. As for TS they say that the author intends here proportion only by sine, that being the 
proper thing to do. 

Another thing should be mentioned here. In using proportion by degrees, the maximum error 
will be in the neighbourhood of the nodes. With the maximum latitude 280', the latitude for 13° 
interval would be 40 V2 minutes, which would be incompatible with the formula for eclipses (vide 
VII. 5-6). Therefore it seems that the Siddhdnta, though knowing that proportion by sine is the 
correct thing for latitudes, gives proportion by degrees for the sake of ease of computation. Or by 
taking liptdsatatrayeiuisitim as the correct reading, which would make the maximum 380', the 
incompatibility can be avoided. It may be argued that the error in the latitude would be great in the 
neighbourhood of the maximum. But this is only erring one side while some others err on the 
other. The mean maximum latitude is 309'. If some like Ptolemy give 240', which is less by 70', 
what is wrong in taking that the Paulisa gives 380', which is greater by the same amount? 

Now for the readings: In the fourth foot of verse 30, mu is corrected into su because murdt is 
meaningless. In the third foot of the 31st verse two syllables are wanting and nd is added for pur- 
poses of syntax. For the same reason, si-tama-nupd in the fourth foot is corrected into si-tyd-nupd. 
The correction of asiti into saptati by TS here is unwarranted, because it is not known what it was 
in the original Paulisa. If this is done in conformity with the Saura, why not in conformity with the 
Romaka, which gives 280', (see VIII. 1 1), and which is nearer to the Paulisa? 

Now follow six verses devoted to criticising the views of the Romaka, and an astronomer by name 
Bhadravisnu, the intention of the author being to create faith in his own work. (This was a custom 
in those days, vide for instance the Brdhma-Sphuta-Siddhdnta, Dusanddhydya and the Vatesvara 
Siddhdnta, Madhyamd-dhikdra, Chapter X). In several places of the text the readings are not clear 
and we cannot be sure of what exactly the author intends to say, though the gist is clear, the matter 



111.31 



III. PAULlSA-SIDDHANTA 



71 



not being scientific and amenable to intelligent guess. Still, as there is much to say here too, we are 
dealing with these, unlike TS who have refrained from doing so. 

%fiR^Sl^(^) SlfdMRi4(< WgrT cKT: \ 

Defect in Bhadravisnu 

32. If the tithis and naksatras as seen from observation of the sky agree with 
those computed according to the $astra, then the Sastra is correct and fit to be 
accepted. It is not so in the case of Bhadravisnu's work; still people do not turn 
away from that and follow the correct Sastras. 
(This remark about the nature of people is true even today). 

For the sake of syntax the long da has been shortened by us. Consistent with the idea intended, 
the negative particle na has been added in the fourth foot. 

cTd^^^^^T5[Tta!v^T (^)i^ || 33 II 



Defect in Padaditya 

33. Sunrise or sunset is not at the same moment in all places on the earth; (so 
the place must be mentioned whose sunrise or sunset is taken as the epoch for 
finding the days and doing the computation). But Padaditya, who has placed 
the epoch at sunset, has not mentioned the sunset of which place he refers to. 
(So his work is faulty.) 
There seems to be some error in the last foot and we are not sure whether Padaditya is a person 

as we have interpreted, or something else or whether the word is the same at all and not an nth 

incarnation of the original. 

[<|ueh*4d ^W:] 



W(^)^T^^^T^^rTT^ffT^ | 



32a. A.B.C.D.#^ 

b. A.B1.3li?r#Plft; B2.-SI»^. 

d. A.B.C.D.om. F*] 



33a. A.B.^: 
c. D.°S^m: 
d. B.4KIMH; D. MKlR^-T 

A.#5fi^; B.«#*F§:; C.^t^ 
D.^% 
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Defect in Romaka 

34. This ganita work had deviated from the right path handed down by a 
hierarchy of good teachers and the day of its exposure is not far distant. 
Witness its downfall in 68,550 years! 

To agree with the fifth case in mdrgdt we have corrected upeta into apeta. 

It may appear strange that the author calls 68,550 years as a not far distant date. But that 
depends on the outlook of people, and the Hindu mind, especially the old Hindu mind may con- 
sider even this as a comparatively short period. 

Or this verse may belong to the criticism of the Romaha following immediately, strayed to this 
place by the mistake of the scribe. In that case the first letter kha in khavisayabhutdstarasaih should 
be corrected as sva and the expression taken to mean "6855 years, by its own measure", in which 
case the following is the meaning:- 

"This Romaka has not come down through a hierarchy of good teachers 
because itfollows the Tropical year instead of the traditional sidereal year. It 
will be exposed in a period of 6855 of its own tropical years, and people will 
abandon it." 

How this will happen and how the number 6855 can be arrived at almost exactly, will be shown 
in explaining the next verse. 

^srer q1ufaiHii ^mt ^^ i R^H, ll^ II 



35. If we adopt the days from epoch resulting from the tropical year as 
adopted by the Romaka and the Sun or Moon resulting therefrom, we must 
accept Punarvasu as the naksatra of the full moon of the month of Caitra, 
instead of the expected Hasta or Citra, Punarvasu which is the naksatra of 
Caitra-£ukla~navami. 

This connection has been strongly established in people's mind by the observance on Caifra- 
navami as the birthday of Lord Rama, hero of the Rdmdyana, well known as born in the asterism 
Punarvasu. 

This is how this will happen: The months Caitra, Vaiksakha etc. are so called because the Moon 
at new moon in these months is in the vicinity of Citra, Visakha etc. Thus, in a given month, the full 
moon, i.e. the Moon of the 15th tithi, is in a given naksatra or nearby, so that the other tithis also are 

34a. A.B.C.D.*fl'% i to a _ b B2.3. C.D.^W*° 

b. B.^dl^ld^l A.^citW; B.°WlfI: C. »m\ 

c. A.ftfmQ; B.oml D.^W 



c. 



B2.M>I4I«I 
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connected with particular naAw^ros. For e.g. as the Moon of the fifteenth tithi in Caitra is near Hasta 
or Citra, the Moon of navami, six days before, is near Punarvasu or Pusya, because the tithi, the day 
and the naksatra, have approximately the same duration. In the same way, as the Moon of the 1 5th 
tithi of Sravana is near Sravana, the Moon at Sravana Bahula Astami, eight days after that, is near 
Rohirii, which is also a thing well known. Now, when the months (synodic) are 'tied' to the naksatras 
as mentioned, there will be this conformity. But the months are kept tied to the naksatras if the solar 
year is sidereal, and not tropical like that of the Romaha, i.e. if the solar year begins as in all other 
Siddhdntas with a fixed point on the ecliptic like the first point of Mesa, and not the movable vernal 
equinox, the so called First Point of Aries, as in the Romaka or the new Indian Rashtnya Panchang. 
As the difference between the two points (i.e. the ayandmsa) increases, the above mentioned con- 
formity will gradually decrease and when the ayandmsa accumulates to 30° the full moon of the first 
month will fall in the Phalgunis instead of near Citra and though called Caitra the first month will 
really be 'Phalguna'. This non-conformity has already happened in the Rashtriya Panchang, with the 
ayanamsa more than twenty degrees now. If it accumulat.es to 6 naksatras, (i.e. 80°) the full moon of 
the first month, still called Caitra, will be in the naksatras Punarvasu or Pusya, though the month 
will really be Pausha. Thus Punarvasu connected with the Navami of the real Caitra will occur at 
the full moon of the so called Caitra of the Romaka (or the Rashtriya Panchang) . The Navami of the 
new Caitra, occurring 6 days before the full moon day, will occur in Apabharani, 6 naksatras earlier. 
When a situation thus arises contradictory to their belief, people will realise that the sidereal year 
is the proper thing and discard the Romaka. 

Incidentally we may mention that the same confusion will arise in following the Rashtriya 
Panchang also. One thing we want to say here. We do not deny that the tropical year best suits civil 
purposes, but a luni-solar calendar based on the sidereal year also will suit our religious purposes 
best. Therefore they have to be kept apart. (A civil calendar based on the tropical year, we already 
have in the Christian Calendar we have been following, which is practically worldwide. As for the 
defects in it, the Calendar Reform' will take care of it, while in making this reform we have taken 
a step in isolating ourselves.) One thing could have prevented the confusion. If they had adopted 
the seasonal-month-names like Madhu, Madhava etc. preserved for us in the Vedas (vide III. 25) 
instead of trying to fit in the sidereal luni-solar-calendar months, Caitra, Vaisakha, etc, this confusion 
would have been avoided and they would not have simply added one more to the one hundred 
contradictory Panchangs already extant. 

To continue: We shall compute after how many years the exprjsure of the Romaka, as mentioned 
by the author, would happen. The ayandmsa was zero at the author's time, as we have shown on 
several occasions. We must calculate when it accumulates to 6 naksatras. The Siddhdntas of the 
author's time use a sidereal year of days, 365-15-31 nearly, and the tropical year of the Romaka is 
days 365-14-48 (See VIII. 1). Therefore, the Romaka year begins earlier by 43 vinddis, every year, 
and this is equivalent to the rate oiayandmsa per annum, 42", nearly. liayandmsa to become 42" 
takes one year, to become 6 naksatras it will take, 6 X 800 X 60 divided by 42 = 6857 years nearly. 
It is this that is given by the author as 6855 in the previous verse explained. 

36. All the injunctions of the Vedas and Smrtis are based on the proper time, 
and by not performing the rites at those times the performer, especially a twice-born, 
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acquires sin which is to be expiated. Therefore, a study of this Romaka itself is to be 
expiated. 

How is that sin may accrue by not performing a rite at the time enjoined by the Sastras. But by 
simply studying the Romaka, we cannot say one would also perform the rite at the improper time. 
The Romaka may give the time wrongly, but one may study it not for the sake of using its time, but 
for other purposes, as for instance to understand where it goes wrong, and expose its weakness to 
others and save them, for which the man who studies even deserves merit. Let us understand that 
these things, sin and merit, are subtle and cannot be known without a deep study of the Sastras, and 
if the author steeped in the Dharma Sastras says a thing, let us accept it. The Vedas promise svarga 
not only to the performer of the yajna but also to one who knows how to perform it properly. We 
frequently meet in the Vedas the expression ya u cainam evam veda. The Veddhga Jyotisa says that 
people who know astronomy know as it were the correct performance of the sacrifices themselves, 
yojyotisam veda sa veda yajndn and they go to svarga after establishing a long line of progeny in this 
world. 

Now, it stands to reason that if the mere study of a good thing gives merit, the mere study of a 
bad thing brings sin. It is said that even association with bad characters and sinners bring sin, as also 
doing sinful things even in dreams. As for the argument that the person even deserves merit for 
intending to keep off people from the improper times, he does deserve it and will get it. But that 
does not mean expiation is not called for. Contact with craftsmen may be necessary to keep the 
temple idols in form, but that does not mean that purificatory ceremonies need not be performed 
for the idols on that account. We can say this much that in these cases the expiation is Hght, like the 
utterances of the Lord's Name, like 'Krsna Krsna, &iva Siva! We should also take into consideration 
the spirit if the times in which these statements were made. 

($eMU|cbmUc*4 fKTT5ScrrcrT: || ^ ||) 

37. The person having correct knowledge of the Sun, Moon, etc. gets 
Dharma, which will take care of his future world, Artha which will ensure his 
prosperity in this world and fame, which will perpetuate his memory. But the 
bad astronomer who misleads people by his writings will certainly have to go 
to hell and dwell there. 



36a. A.ft«PT 
b. B.9^TTW° 
c. B1.2.5irafecft. Al.«R?ft 



37. InAandB.^PJS etc. occursasthe 

second half of the verse. It is put here as 
the first half to suit the sense. 
a. D.ĕissen 



C-d. A. $cM."Jlfa<l 1^-4) ^^«I^^i ^ict,{.u|ehK: 
(A2.^0 

•K«>>«j>d|c||UI: I 

C. cj,cMU|facftfsMl ^T^^^^d c^UI^: 

[^TJ|(u|^] I 
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It must be noted here that when even the person with correct knowledge gets so much the writer 
^ wToTe IL7^° * n ° ted ^ ^ Wri - * " — " «~ - - ; e e r 

In this verse there is a jumbling of words and phrases and induction into the text extraneous 
words mtended as commentary. The word Sf , M ^^ 

because in the first foot there are twelve and in the second eighteen syllables. Therefore X 
comes before thatis the second half. In that, there are may syllables more than the required twenty- 
seven. Selecting the req U1 red words alone, we have reconstructed the third and fourth foot 

9 (1974) 62 b 76 rVati ° nS * K ^ ^ ^ The PS of VM M-J™ 

Thus ends Chapter Three entitled Taulisa-Siddhanta: Planetary 
Computations etc' in the Pancasiddhantika composed 

by Varahamihira 



Chapter Four 



THREE PROBLEMS — TIME, PLACE AND DIRECTION 

Introductory 

Problems on Tirne, Place and Direction, involving spherical trigonometry, are dealt with in this 
cnapten I he nrst fifteen verses are devoted to the construction of a table of sines. As this kind of 
matter does not involve constants specific to any siddhanta and is commtmly found in all siddhantas 
we cannot say which Siddhanta this belongs to, Paulisa orSaura, the only two siddhdntas meant to be 
expounded m deta.l by the author. Probably it is the author's own, meant for both, or taken from 

X yT^H % T ^?*i S ¥ C ° n ? U8i0n: In the Dart ° f the Work dealin S Wlth *e Saura, v lz ., chs. 
IX X, XI XIII, XIV, XV, XVI, and XVII, no space is givĕn to the sine tables, though reauired, and 
to the problems dealt with here, and therefore if these are not meant for Saura, it would be imperfect 
though almost full. On the other hand, certain redundant and crude rules point to this chapter's 
connection with the Paulisa, as also its position in the chapter distribution in the PS text. 



Tableof RSines 



1 . Take the circumference as measured in 360 units, square it, take the tenth 
part of the square, and imd its square root. The result is the diameter of the 
circle m the units taken. We assume the diameter to be 4°, (i.e., 240') and 
hereunder give the tabular sines of angles for 3° 45 ' interval. 

The rule is: diameter - Vcircumference 2 /10. It comes to this: d = c/VT0T The formula d = dn is 
wellknown,andtheauthorhastakenVrO as an a PP roximation for n which « incommensurable 
and usua% represented by the approximate values, 22/7, 355/1 33, 3. 1416 etc. The Surya Siddhdnta 

E™-^ t °h 77 A n kS iOStrUC r n t0 find the -rcumference of the earth from its 
diameter (1.59 ). The earth s diameter is 1600 yojanas. Square this, multiply by 10, and find the 
square root. Thzs is the earth's circumference." By thus taking vl0 for n, an error of about 0.0067% 
5?" kS ' a " d t f0r a ^ cum ference of 21,600', we get the radius 3415', instead of the well-known 
3438 . But ,t must be mentioned here that this error does not affect the computation of the sines 

la-b. A.B.«»*f c . A .B.*ltan^*(B.^) 

b. A.^nr: d A.^&ra^; B.3P*^T. A.B.WT1£° 
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mentioned in the succeeding verses, because it can be shown that the author denves the sines from 
a correct formula, (not dependent on this wrong ratio of the diameter to the circumference), based 
on 120' as the radius of the circle. If he had depended on the wrong value, the first tabular sme, 
i.e. sin 3° 45' would be 7' 54", (being the 96th part of the circumference, where the sine is mdistin- 
guishable from the arc), and not the correct 7' 5 1" as given by the author. 

Taking the diameter as 4°, and thereby the maximum sine (i.e. the radius) as 120', is arbitrary. 
In general, the SMkantas give the maximum sine, 3438', as arrived at from takmg the circumfer- 
ence as 360° or 2 1600'. The Vakyakarana makes it 43°. In actual work, the sines enter only as a ratio 
to the maximum sine, and therefore no harm, will result by taking these different maximum sines. 

TS and NP have not understood the meaning of the second half of the verse, and mis-interpret 
amsacatuskam as quadrant. 

|Jclcb<uI| ^^JT: || 3 



2. The square of the radius, (i.e. 14,400), is called dhruva (karani), (literally, 
Tixed Irrational'). The fourth part of it, (i.e. 3600), is the karani (Irrational) 
related to the first sign, (or 30°). Dhruvakarani minus the karani of Mesa, (i.e. 
14,400 - 3600 = 10,800), is the karani of two signs, (or 60°). The square root 
of a karani is the tabular sine. 

Being square of tabular sines given in minutes, the haranis are squares of minutes, which is their 
peculiarity as given by the author, though this is not mentioned explicitly. The other well-known 
characteristic of a harani, viz. irrationality, is found in all karanis except 14,400 and 3600, though 
the author calls these also karanis in a general way. 

In modern terminology the word sine used in connection with the angle is defined thus: 




Fig. IV. 1-a 

In the right angled triangle, (Fig. 1-a), sine L B = AC/AB, or sine L A = BC/AB, i.e. as the ratio of 
the opposite side to the hypotenuse. In tabulating the sines, the hypotenuse is taken as unity, and 
the ratio expressed as a decimal rraction. 



2a. A.B.f^^°;C.D.ff^° c. B1.3.^;B3.^I 

b. A.B.°1|Rn. A.B.f?ltW:m. A.B.^W d. B.^tl 
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The ancients however expressed the sines in minutes-length or, more accurately, in minutes and 
seconds-lengths, the maximum sine called Trijyd (meaning 'the sine of three signs', i.e. 90°), occur- 
ring separately in the work to make up the ratio. This is the way in which they conceived the sine 
(meaning 'bow-string' from its Sanskrit equivalent sinjini, synonymous with jyd). 

In Fig. 1-b. A 3 E F 3 D is the circumference of the circle, centre B. A part of the circumference like 
ADF, A,D F,, etc. is called dhanus (literally, 'bow') or arc. 



D 




Fig. IV. 1-b 



The straight lines ACF, A,C,F, , etc. forming the 'bow-strings' of the respective 'bows' are the jyds 
or full sines. But in actual practice, the halves of the full sines AC, A,C,, etc. above are used with 
the name of 'sines', with respect to the half-bows or arcs, AD, A,D,, etc. Because the arcs AD etc. 
are as the angies ABD etc, the sines AC etc. are spoken of with respect to the angles ABD (= ABC) 
etc. also. Thus, AC is the sine of L ABD or arc AD, A|C, is the sine of L A,BD or arc AjD, and so on. It 
is this connection of the sine with the arc that has given it the nature of a length, which is expressed 
in minutes and seconds on account of the connection of the arc with the angle at the centre. It may 
be mentioned here that CD, C,D, C 2 D etc, appearing like the arrows on the respective bow-strings, 
are called sara (meaning 'arrow'). 

If A 3 BD is a right angle, i.e. three signs, then, obviously, A S B is the sign of this angle, i.e. it is the 
sine of three signs, and therefore called trijyd. Its length is clearly half the diameter A 3 BF 3 , i.e. the 
radius, equal to 120'. 

Now, let the angle ABD be equal to one sign, i.e. 30°. ABD = DBF = 30°. .-. L ABF = 60°. AB = BF, 
being radii. .-. L BAF = L BFA = 60°. Thus ABF is an equilateral triangle, and AF = AB = 120'. .-. AC 
= AF/2 = 60'. Thus sine 30° = 60'. Its karani is its square, viz. (60') 2 = 3600, the karani of Mesa as 
mentioned by the text. 

Then, let L A 2 BD be equal two signs^ or 60°. A..BD = DBF 2 = 60°. .-. C 2 is a right angle. So the 
karani of 2 signs = A 2 C 2 2 = A 2 B 2 - BC 2 2 = A 2 B 2 - AC 2 , (•.• A A 2 B C 5 = A BAC), = 120 2 - 60 2 = 
10,800, A 2 B being the radius. This also agrees with what the text says. (The square root of 10800 
minutes, i.e. 103' 55", is the sine of 2 signs, which agrees with the value given in the table.) 
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Incidentally, we shall derive the karani and sine of one and a half signs, Le 45', : ™ntio»ied in 
,erse 4 Let A,BD be equal to 45°. L A, = 45°, and L C is a nght angle. .-. A,C = C,B. Bu A,B 
= = A C 2 + C B 2 = 2 A C 2 • A,C, 2 = 120 2 /2 = 14400/2 = 72 00 = thekaranioi one and ahalf signs 
u mentioned in the text! Its root, 84'51", is sine 45°, agreeing with what is given in the tables. 

^tgrpn w ^r^tt wu nciimw || 

3-5 The other tabular sines, (i.e. sine 3° 45 ' , sin 7° 30' etc. other than the four 
mentioned of the total 24) are formed successively in the following manner: 
Let the angle or arc for which the sine is required be 0. 

I Sin 2 0= ^[sin^OMlSO-sin^O -^©)} 2 ] 

II Sin 2 = 60 X { 1 20' - sin (90° - 20)} , where the sines are m minutes etc. Ot tne 
24 sines, the karani of the nth sine = 14400 - the karani of the (24 - n)th sine. 7200 
is the karani of one and a half signs, i.e. 45°. 

Thus as karanis 8, 1 2, and 16 are known, those of their halves etc. and (24 - halves) etc. can be 
found successively. Thus all the sines from 1 to 24 can be found. Of the two formulae, the lirst ,s 
suited to geometrical representation, and the second to computation. 

Emmple 1 . Gwen the 8th karani (i.e. oj3(f) 3600 and its sine 60', the 16th karani (i.e. of60°) 1 0800, and 
its sine 103' 55".33,find the 4th and 20th karanis and sines, using each ofthe twojormulae. 

The desired sine is the 4th, i.e. of 4 X 3° 45' = 1 5°. 20 = 30°; 90° - 20 = 60°. 



3a. A.qgf5. A.B.C.D.°!TW 
b . A.-<K3#*J; B.Wl^i C.D/T^ 

A.C.D.^TSNT; B.TJW&T 
c. A.B.d-^WMKI^M; (B.om^; B2.°^); 

C.D. [T^<K*Rfl T£ 
d. A.WTt; B.^lWt 

A. *M*M ; B.*WIJ}Mt1; 

C.f|jJJF3?lTsSw#Tl^l:; D.Tg7pT[T^] 



4a. A. Wti; BM; C.DJM 
A.B.C.D.°fH%HII 
b. A.^TT. B.°fo?ft 
d. A.-^T; B1.2.^TT; B3.^W 
C.D.WStS^. A.t^TJcp: 

5a. A.c.wmWn (C.°^) 

b. B3.^TA.B.^WSTT 
c. A.^WTT; B.^^it 
d. B.W. A.B.o^TTO 
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I. The 4th karani = V* [sin 2 30° + (120 - sin 60°) 2 ] 
= V 4 [60 2 + (120 - 103' 55".33) 2 ] 
= V 4 [3600 + (16'4".67) 2 ] 
= V 4 (3600 + 258 97/144) 
= V 4 (3858 97/144) = 964 385/576 

.-. thefourthsine,i.e. sine 15° = V964 385/576 = 31' 4". 

II. The 4th karanl = 60 (120 - sin 60°) 

= 60' (120' - 103'55".33) 

= 60' X 16' 4".67 = 964 385/576 

From this, sin 15° = V 964 385/576 as before = 31' 4". 
We shall prove the first formula geometrically, and 
derive the second from the first. 



Fig. IV. 2 

ln Fig. 2, FBD = 0, and DF is its arc of which the sine wanted is DE. 

DE 2 = the wanted karani (i.e. sine 2 0). DFA = 2DF. 
.-. DE = 1/2DA. .-. sin 2 = DE 2 = V 4 DA 2 = V 4 (AC 2 + CD 2 ). 

Now, -.- AC = sine 2 arc FD = sin 20, AC 2 = sin 2 20; and •.• CD 2 = (BD - BC) 2 = (BD - AG> 2 - 
[120' - sin (90° - 20) 2 , sin 2 = V 4 (AC 2 + CD 2 ) ' ~ 

= V 4 [sin 2 20 + {120' - sin (90° - 20)} 2 ] 

From this, sin0 = Vsin 2 0. 

From I, we can derive II thus: 
V 4 [sin 2 20 + {120' - sin (90° - 20)} 2 ] 

= V 4 {sin 2 20 + 120 2 + sin 2 (90° - 20) - 2 X 120 X sin (90° - 20)} 
= V 4 {120 2 + 120 2 - 2 X 120 X sin (90° - 20)} 

(•.• sin 2 20 + sin 2 (90° - 20) = sin 2 20 + Cos 2 20 = radius 2 ) 
2 X 1 20' 

= 4^-{12O'-sin(9O°-20)} 

= 60' {120' - sin (90° - 20)} 

Now, of TS, Thibaut alone proves the formula, while Sud. Dvivedi uses it. The form of the first 
tormuia given by them differs from that given by us, and is as fo!lows:- 
sin 2 = (1/2 sin 2 20) + [V 2 {120' - sin (90° - 20)} 2 ] 

Though their formula is correct, it entails more work, and to give the formula in this form they have 
made many unwarranted changes in the already correct readings. We have made only one correc- 
tion, and that grammatical, for the sake of syntax, viz. dhanurdyigunapaMt into dhanurdyigunam 
padat, which entails the occurrence of an extra syllable, which can be explained, as before, by rules 
ol prosody. Or, let the reading be sese tuiste dkanurdvi-gunam paddt projjhya etc. 

Now follow six verses giving the sines, computed by the author himself. 
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< M^m<eh t '7i?n«f &wA<i' '^rg^l^cn || ^ || 

^cBTSSi M£liyi< 'Wi' 'M^cH^l' 8 | 
'l^cT^pWlTcRT' 'fc|<M£iyh*MI:' II ^ II 

6-7. The other sines are the following: In the first sign, the minutes parts are 
successively 7, 15, 20 + 3, 20 + 1 1, 20 + 18, 5 X 9, 50 + 3, and 60. The seconds, 
respectively, are: 50 + 1, 5 X 8, 25, 4, 30 + 4, 56, 5 and 0. 

Thus we have for the first sign - 



Sineno. 


1 


2 


3 


4 


5 


6 


7 


8 


Arcor 
angle 


3° 45' 


7° 30' 


11° 15' 


15°0' 


18° 15' 


22° 30' 


26° 15' 


30° 0' 


Sine 


7' 51" 


15' 40" 


23' 25" 


31' 4" 


38' 34" 


45' 56" 


53' 5" 


60' 0" 



|| c || 

4 n^r' ^(if)^r *^rmEM 'cft f^rr: \\%\\ 



8-9. Of the sines in the second sign, the minutes parts taking the increments 
in the current sign alone, are, successively, 6, 13, 20 - 1, 3 X 8, 30 + 0, 30 + 
5, 30 + 9, and 30 + 13. The respective seconds are:"40, 3, 7, 50 + 1, 13, 12, 
60 - 14, and 60 - 5. 

6a. A.B.^; C.D.^I^:. B.^TC 

b. A.°ftd^lfcT:; B.°fa9Tfe#:. B."?Tft<TT: 

c. A.B.?Tcllt 
7a. B.teT 

b. 

c. B.^J^ra 

d. A.t*i<*aWtf<l: 

8a. B.^Rt. A.B.o^te^C.D.^t^ 
b. B.f§R#. C>4Si*)i-Md:. A.f^ 



c. A.^<*HI=R 
c-d. A.B.^ITTS (B.f5) WTfM*r: (A.omf>T:)° 
C. Hc|lfl<feHUiH :; D.^^] 7 !^: 
d. B.fcTORBT(B3.T50 
9a. B2.^Tft. B1.2.°s?TT 
b. Al.^Rli A.B.^tRt^; C. ^«=bHfd^J|dl; 

D.&fcTlT [^]Tf?T: 
c. A.B.C.*ItgWfaT; C.fe<fd siK^I# 
d. A.B.^; C.^R3?TPft: 
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Adding the minutes and seconds, and 60' for the end of the first sign, the sines are:- 
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Sine no. 


9 


10 


11 


12 


13 


14 


15 


16 


Arcor 
angle 


33° 45' 


37° 30' 


41°15' 


45° 0' 


48° 45' 


52°30' 


56° 15' 


60° 0' 


Sine 


66' 40" 


73' 3" 


79' 7" 


84' 51" 


90' 13" 


95' 12" 


99' 46" 


103' 55" 



^llMU^I -fo(ngT) ^f|afawW^l3RFrrT: || *° ! 
4 ^|cRT«W 4 q#'%, d<W^ I: || W \\ 



10-1 1. Of the sine increments gone in the third sign, above the second, the 
minutes are: 3, 6, 9, 10 + 2, 10 + 3, 10 + 5, 10 +5, and 10 + 6. The respective 
seconds are: 60 - 18, 60 - 3, 60 - 18, 0, 50 - 3, 4, 50 - 1, and 5. Nextfollow 
the sine intervals. 

Adding the given minutes and seconds to 103' 55" the sine of 2 signs, we have: 



Sine no. 


17 


18 


19 


20 


21 


22 


23 


24 


Arcor 
angle 


63° 45' 


67° 30' 


71°15' 


75° 0' 


78° 45' 


82° 30' 


86° 15' 


90° 0' 


Sine 


107' 37" 


110' 52" 


113' 37" 


115' 55" 


117' 42" 


118' 59" 


119' 44" 


120' 0" 



In one or two places we have corrected the corrupt readings, having in view what exactly should 
be the number as found by computation. But TS have made corrections that give wrong values for 
the already correct values. For e.g. the fourteenth sine, 95' 12" given by the text is correct, while 
they make it 95' 13" by an unwarranted change, giving it an unlikely form. The 16th sine, 103' 55" 
given by the text is correct, but they make it 103' 56" so that in every sine of the third sign, 17-24, 



lOa. A.B.C.D.'J>I-W*HI<W° 

a-b. A.B.*^^; C.°3^^T§fa°. D.°^Tfa«T 

b. A.B.^W^^; C.D."OT1R^H 



c. D.^lloWI:. A.B.D.lWrs^; C.ttnSlUT 

d. B.WIWd); C.<l¥<Hdl 

llb. A. B.i^#T | 

d. Bl.2. 1 ^; B3.^. A.^TT^: 
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there is one second more. By this mistake the 24th, i.e. the radius, has become 120' 1", and even 
this obvious mistake they have failed to note. 

The promised sine-intervals are here given: 

^W^r-tr^r^-^n:' fef£W^ «*" ^nEroa ll^ I 
(ir)1^ri^f: II « II 



12. Of the intervals the minute parts are, in the first sign, 7, 7, 7, 7, 7, 7, 7, 6; 
in the second sign: 6, 6, 6, 5, 5, 4, 4, 4; and in the third sign, 3, 3, 2, 2, 1 , 1, 0, 0. 
13-14. The seconds in the first sign are, 50 + 1, 50 - 1, 50 - 5, 50 - 1 1, 30, 
22, 9, (and here is a break resulting in the loss of the 4th foot of the 13th 
verse and the first two feet with 4 matras of the 3rd foot of the 14th verse. From 
the values of the sines we can compute that the seconds in the 8th interval must 
be 55, which must have been given in the missing part. By examining the 
remaining part we can construct the meaning of this verse thus). The seconds 
of the intervals in the second sign are, respectively 10 x (4, 2, 0, 4, 2, 5, 3, 0) 
+ (0, 3, 4, 4, 2, 9, 4, 9), added each to each. 
TS have not been able to see that in what is left of the 14th verse, the digits in the unit places of 
the eight numbers giving the seconds of the intervals of the second sign are given. This is because 
they have made mistakes in the 14th and 16th sines resulting in an error of + 1" in the 14th interval, 
- 1" in the 15th and + 1" again in the L6th. This has prevented them from finding the correct 
values by comparison, so that they make many changes in the readings here, saying that the text is 
very corrupt, here. It may be seen that not a single word is wrong here. 

12a. A.-y^; B.^frfr tol4c D suggests for 13d [M*HM |Sw<l*l*J*«0 
b. AMilt; B.Wra^t;. C.Wf W C.indicatesthegapbydotsasdoneby 
A.f^Tfa; B.f<n-^; C.f^ us D su g ges ts for 14: 
D.tdlUwPl ia [^] Tpr [^«n:] 

d. c.toi«^.A-B.»n|;C.«n^D.^i[tl 
13a. A.ten&mo d A ^ 

b. Bl.-^iT; B2.M; B1.2.*Pf; B2.^t 

Al.Bl.°t^T^t C. ^U» l t^ l ll ^ A '^ c '^^ 1 ^lfel e <^ (?) II 

c. Al.B2.ftFfelft 

13d. A.B.Unindicatedgapof 1 3d. uptol^ ofl4c. 
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U^McW^I* %5?T ^fcT sbMlpM^ || ^ || 

15. The seconds of the intervals in the third sign, are, 3 X 14, 3 X 5, 3 X 15, 
3 x 6, 5 x 8 + 7, 17,9 x 5and 16. 

The intervals can be got by deducting the previous sines from the succeeding ones, and com- 
pared with the author's concern for correctness, they are correct. It is to be noted that the intervals 
of TS also come correct in the third sign, because there is a uniform error of 1" in all sines. The 
intervals are as tabulated: 



No. 





1 


2 


3 


4 


5 


6 


7 


Int. 




7' 51" 


7' 49" 


7' 45" 


r 39" 


7' 30" 


7' 22" 


7' 9" 


No. 


8 


9 


10 


11 


12 


13 


14 


15 


Int. 


6' 55" 


6' 40" 


6' 23" 


6' 4" 


5' 44" 


5' 22" 


4' 59" 


4' 34" 


No. 


16 


17 


18 


19 


20 


21 


22 


23 


Int. 


4' 9" 


3' 42" 


3' 15" 


2' 45" 


2' 18" 


1'47" 


l f 17" 


0' 45" 


No. 24 
Int. 0' 16" 





These intervals are useful for interpolation. The method of interpolation has not been given by 
the author, as being obvious. The intervals being increments in the series for successive increments 
in the arcs (or angles) of 3° 45', we can find the value for what is left over after taking the tabular 
value, by proportion, and adding it to the tabular value find the value wanted, whether it is arc for 
sine, or sine for arc. 



Further, the author has given the sines of arcs upto 3 signs, as usually given in tables. But the 
method to compute the sines of arcs greater than three signs, has not been mentioned by him. 

We shall find a method. The circle is divided into four quadrants (Fig. 3), AOB, BOC, COD and 
DOA, each quadrant being three signs. Arcs AE = HC = CK = GA, from which their sines, EF = 
HJ = JK = GF. But, since the sines increase in the first quadrant from O at A to BO (= 120') and 
then decrease in the second quadrant from 120' to O at C and again increase in the third quadrant 
to DO (= 120') and then again decrease in the fourth quadrant to O at A, sine AE = sine AH = sine 



15a. B.j-jp \<mM. A.om"?5 
b. B.Bl^ll M4IIS!<+) 



c. B.^^I^Ha+^) 
d. A.°ftft(i.e. on«J) 
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B 







1 °\ 


F 7>v 






H 





D 



Fig. IV. 3 

AK = sine AG (neglecting the first sign) because, EF, HJ, JK, GF, are all equal, as already men- 
tioned. Therefore, for an arc or angle in the second quadrant, (3 to 6 signs), deduct it from six 
signs and get the sine of the remainder. For that in the third quadrant, (6 to 9 signs), deduct six 
signs and Fmd the sine of the remainder. For that in the fourth quadrant, deduct it from twelve 
signs and find the sine of the remainder. 

Emmple 2 (a). Find the sine of the arc or angk equal to 4 signs. 

It is in the second quadrant. Therefore, sine 4 signs = sine 6 signs - 4 signs = sine 2 signs =103' 
55". 

Example 2 (b). Find the sine of signs 7-11-15. 

This is in the third quadrant. Therefore sine of sign 7-11-15 = sine (7-1 1-15 - 6-0-0) = sine 1-1 1- 
15 = 79' 7". 

Example 2 (c). Find the sine of signs 9-15-0. 

This is in the 4th quadrant. Therefore sine of signs 9-15-0 = sine (12 signs - sign 9-15-0) = sine 
2-15-0= 115' 55". 

Declination 

From here to the end of the chapter, problems based on the solution of spherical triangles are 
dealt with, being problems involving positibn, time and direction. As a preliminary, the declma- 
tion of the Sun and the Moon are required, which are given first. 

Stellar sphere (Bhagola) 

The ancient astronomers speak of three spheres, the Terrestrial sphere or Earth sphere on 
which we live, the Stellar sphere or the Sphere of the stars, and the Sky sphere or the Sphere of the 
sky. We shall describe the terrestrial sphere in connection with the Saura chap. XIII-XV. Of the 
other two, we shall now describe the stellar sphere, a knowledge of which is immediately required. 
It is the apparent sphere on which the stars appear to be fixed, and form a frame of reference for 
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the motion of bodies like the Sun, Moon, planets etc. Actually the stars are at widely different dis- 
tances from us and are moving in various directions at speeds of several miles per hour. But with 
all this they appear to be, and can be represented, as being fixed on a sphere, because of their 
enormous distances from us, so much so that we are practically viewing the same sphere as people 
several generations ago did. But the ancients believed that the stars were luminous bodies fixed on 
the under-surface of a sphere of radius only sixty times that of the orbit of the Sun (actually the 
earth) round the earth, with the centre of the sphere at the earth's centre. This sphere seems to be 
rotating about once a day, by the actual rotation of the earth, about once a day. 




On this sphere (Fig. 4) there is an important great-circle called the ecliptic (Krdnti-vrtta) (EC), 
marked by the twenty-seven asterisms, Asvinl etc, on which the Sun (S) moves, (actually appears 
to move on account of the motion of the earth), completing a revolution once a year. The Moon 
and the planets move in orbits inclined to the ecliptic at small angles. Their longitudes are reckoned 
along the ecliptic from a fixed point called the first point of Mesa or Asvini. Latitudes are measured 
on secondaries to the great circle, meeting at a point called the pole of the ecliptic (Kadamba). 
Another great circle called the Celestial Equator (AOB) cuts the ecliptic at r, called the First point 
of Aries or Vernal Equinox point, which, instead of being fixed, has a slow westward motion on the 
ecliptic. At the period of the authors of the first Siddhdntas, this point coincided with the first point 
of Mesa, this being the reason why that particular point was taken by them for reckoning from. The 
angle between the two great circles (SrR) is called the Obliquity of the ecliptic. It was about 24° at 
the time of Varahamihira, and now it is about 23° 27'. The declination (SR,) (Krdnti) of a body like 
the Sun, is measured along the secondary passing through the body, (NPSRSP,) called the Declina- 
tion circle, all the secondaries meeting at the celestial poles, the poles of the stellar sphere, (SPNP), 
on the axis joining which the sphere apparently rotatĕs. 

The declination is found by solving the spherical right angled triangle SrR. Spherical triangles 
were in general solved by the Hindu astronomers using the properties of plane right angled triangles 
formed by the sections of the sphere along the great circle arcs forming the spherical triangle (The 
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Greeks solved them by an extension of Manelau's Theorem to figures on the sphere.) We shall con- 
tent ourselves with giving the formulae for solution and refer to them whenever necessary by way 
of proof . 

Let ABC (fig. 5) be a spherical triangle, right angled at C, and R the radius of the sphere. 

I. Cos AB = Cos AC X Cos BC -f- R 

II. sin BC = sin AB X sin A h- R 

III. Cos A = R x Cos AB. sin AC/sin AB. Cos AC 

IV. Cos A = Cos BC X sin B -s- R 

V. Cos AB = R. Cos A X Cos B/(sin A Xsin B) 

These, together with the general identities, cos0 = sin 
(90° - 0), sin 2 + Cos 2 0=1, will suffice for explaining the 
formulae occurring in the text. 

^F^^ 3>MWMd» 0ft) Tlftm^(«I:) || ^ || 

Declination of the Sun and the Moon 

16. The sine of Sun's declination is found by multiplying the sine of its 
longitude by 6 1 and dividing by 1 50. Its arc is the declination. The declination 
of the Moon found thus is the mean declination. Its true declination is the 
mean declination plus latitude. The intervals of declinations for intervals of 
quarter signs are given (in the next two verses, 17-18). 

This is the formula: sin dec. = sin sayana long. X 61/150. From this the arc forming the declina- 
tion is found by using the tables, and then the true declination of the Moon, using this. It must be 
noted that when the longitude reckoned from r (i.e. sayana long.) is within 6 signs, the declination 
is North, and when more than 6 signs it is South. In the case of the Mbon, if the declination and the 
latitude are of the same direction they should be added to get the true declination. If they are of 
different directions, their difference is the true declination, its direction being that of the greater. 
The author has not mentioned this because it is obyious. 

Emmple 3 (a). Find the maximum declination of the Sun. 

Obviously, the maximum sine of the Sun's longitude (i.e. when the Sun is 3 signs or 9 signs) will 
give the maximum declination. It is therefore given by sin dec. = 120' X 61 -5- 150 =48' 48". Its arc, 
24° is the maximum declination. 




Fig. IV. 5 



16a. A. «4l«ll«lli ; B.^)<=ll C.^leHo*^ 
D.41c||oqwni. B.t*RTFW; A.C.D.TTcTRTT: 

b. A.^RT^; B.^+I^f8; C.&M*l(B; 



D. [tilgRlkll] . A.B.WM:; C.sPTgPrT:; 
D.35T8M: 

d. A.B.C.D.cIcWr. A.C.««TtN: 
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Emmple 3 (b). Sdyana Sun is rdsi 4-7-30. Find its declination. 
Sin 4 r 7° 30' = Sin (6 r -0-0 - 4 r -7-30) = sin l r -22-30 = 95' 12". 

Sin Declination = 95' 12" X (60 + 1) - 150 = 95' 12" x (2/5 + 2/5 x 60) = 38' 5" + 38" = 38' 43". 
Its arc, 18° 50', is the declination. Since the sdyana Sun is within 6 rdsis, the declination is north. 
Emmple 3 (c). The sdyana Moon is 9 W. Its latitude is 4°N. Find its decUnation. 

The sdyana longitude being 9'0° 0' , the mean declinatioii ^^^^b^^» 
is 4°N, i.e. of opposite direction. .-. the true dechnation is 24° - 4 = 20° S. South because boutn 

greater. 

The author uses the word kdsthd to si g nify declination, which is uncommon. Sometimes this word 
itself is used to mean sine dechnation. 

The rule for sin declination is explained thus: Our siddhdntas take the maximum declination to 
be 24°. As the maximun declination occurs when the sdyana longitude is 3 signs the angle between 
*e ediptic and the celestial equator (i.e. the obliquity of the ecliptic) also is 24°. In Fi g . 5, take AB 
and AC as parts of the ecliptic and celesual equa^ 

BC is the declination wanted. By formula II under the present verse, sin dec. = long x sin ^4 . 
f 20 - B„ tsin ™ 120' = 48' 48" + 120' = 61/150. Hence.sindec = sinlong x (60+ l)/150,which 

is the g iven rule. 

Now for the direction: See Rg. 4. At r the Sun moving along the ecliptic crosses the celestial 
™^d^rom South to North. As great circles bisect one another, till the longrtude is 6 
Tgs k moves P north of the celestial eouator, for which declinations are reckoned and then moves 
south of it. Therefore for longitude to 6 rdsis, the declination is North, and for iongrtude 6 to 12 
rdsis, it is South. 

As the Moon and other planets move in their own orbits inclined to the ecliptic, the declinations 
computed from their longitudes reckoned along the ecliptic are only approximate. To get correct 
de7natIons, their distances north or south from the ecliptic points, called their latitudes should 
t conUnck in the proper manner as instructed. But the result by thus addmg or subtracting wiU 
be only a PP roximate, because the latitudes are directed towards the pole of the echptic (Kadamba), 
whH ^thedeclination are directed towards the Celestial Pole. The maximum error that can occur 
Thu is about 24'. Combined with the error in latitude due to other factors hke proportion by 
deg^ees oJ the argument of latitude (advocated by the Paulisa) instead of the sine etc, the error will 
be considerable. 

Now for the readings. For syntactical purposes, and getting the proper meaning, satdrtnsdssaikd 
has been corrected as satdmsaghnaikd, sastidinesa as sastrrdinesd, kdsthdnta^hajya, 
tsapakramor <Ui and pddenyahaspddebhyah. As for TS, they have not touched this verse , and ^the next 
twoHaying, in so mVny words, that they cannot interpret them. NFs mterpretation of the three 
verses has also been affected by the highly corrupt text. 
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17-18. The (promised) intervals of declinations in minutes for intervals of 
quarter-signs, are, in Sayana Mesa: 180 + 3, 180 + 0, 180 - 5, 180 - 14, in 
Sayana Vrsabha, 100 + 4 x 14, 100 + 4 X 1 1, 100 + 4 X 7, 100 + 4 x 1, and 
in Sayana Mithuna, 90, 63, 40 and 11. (Thus the intervals are 183, 180, 175, 
166, 156, 144, 128, 104, 90, 63, 40, 11.) These are to beadded successively to 
get the declinations from Mesa (Aries) to Mithuna (Gemini). Then from Kar- 
kataka (Cancer) to Kanya (Virgo), these should be deducted in the reverse 
order, until at the end of Kanya, the declination is zero. These declinations 
from Mesa to the end of Kanya are north. Then from Tula (Libra) to the end 
of Dhanus (Sagittarius), the south declinations increase in the given order, 
and from Makara (Capricorn) to Mina (Pisces) the south declinations 
decrease in the reverse order, until at the end of Mina the declination is zero 
again.) 

Example 4. Find the declination of the ecliptic point ending (Sdyana) Capricorn. 

The end of Capricorn is rasi 10-0-0. This falls between rasis 6 and 12..-. The declination is south. 
rhe declination ending Sagittarius (i.e. beginning Capricorn) is 24° S. The declination at the end 
)f Capricorn is 24° - 1 1 ' - 40' - 63' - 90' = 24° - 3° 24' = 20° 36'S. 

The author has perhaps computed the declination by applying the formula of verses 16 and got 
he intervals by deducting the previous from the next. Or, these verses are taken in toto from the 
>riginal Paulisa and given here, for there are small differences from the computed values. Or, the 
lifferences are scribal errors. Both are given hereunder for comparison: 



Degrees 







7Vfe 




15 




22Vfc 




30 




37Vfe 




45 




Decli- 
nations by 
formula 







183 




363 




537 




704 




860 




1003 




Intervals 




183 




180 




174 




167 




156 




143 




127 


Given 
intervals 




183 




180 




175 




166 




156 




144 




128 


Decli- 
nations 







183 




363 




538 




704 




860 




1004 





I7a. A.B.C.WTCto; D.<*TCTlffi 
b. A.^lfa^ftfe*W+/l; 

B.<i¥ll¥*ll3TWftP*4 (Bl.-T) 

D.<¥l&^lftfa4M+JI^ I 
c. A.B.C. J l^^=(*ilH-; D.-Hfa H^ctffi 
d. A.B.C.^'^:; D.^S [fW] Tj/L B.W 



18a. B.<# 
b. B. Haplographicalom.t%3TI 
[ om . td^S in verse 1 9] 

c. D.^lRdl 'ld<i< J | 
d. C.jldlR^^. 
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Degrees 


52'/2 




60 




67 L /2 




75 








90 


Decli- 
nations by 
formu!a 


1130 




1237 




1324 




1388 




1427 




1440 


Intervals 




107 




87 




64 




39 




13 




Given 
intervals 




104 




90 




63 




40 




11 




Decli- 
nations 


1132 




1236 




1326 




1389 




1429 




1440 



Bearing the need for agreement in mind, the syllables ka, tu have been inserted in verse 17 to 
make up for deficiency in syllables; dslt ta has been corrected mto asityd for the sake of sense, as also 
desastrisa into mese trikha, manundm into manunam, and gavise into gavi; and ntare has been corrected 
into nte to delete one syllable, and also make the word sensible. 

In the manuscripts, aftercatvarimsacchivdsca in the 18th verse, the end of the 1 9th, ydmyottare kdrye 
and the beginning of the 20th, Visuvaddina(? va)samadhye have strayed. Only after these is found the 
end of the 1 8th, mithundntare(? nte). The portion from here, upto na divdnisi in V.9, is missing in one 
set of manuscripts. 

( v»3$^Ei )w* ^% sSKiiM^yiMmirt | 



Gnomonic shadow 

19. (Plant a gnomon at the centre of) a circle having a diameter equal to four 
times the gnomon. Mark the two points where the shadow of the gnomon 
enters the circle and emerges from it. The line joining the points is the east- 
west line. The line drawn perpendicular to this by means of equal intersecting 
circles, is the north-south line. 

Though the east-west line is first asked to be drawn and the north-south next, as perpendicular 
bisector to the east-west, it will be better if the north-south line is first drawn by means of equal 
intersecting circles with the two points as centres. Then using the points of intersection of the 
north-south line and the original circle as centres, by the same means, the perpendicular bisector 
forming the east-west line can be drawn, which will pass through the centre as required. On the 
other hand, if the east-west line is first drawn by joining the first two points, another line parallel 
to it and passing through the centre is to be drawn as the desired east-west line. 



19a. A.%a<ift«l>; C. ¥l$*${Jtffa<dr}. 
c. A.&tist; C.D.STC^ 
d. A.^I«;C.D.^ 
• B. After^)T*f oneleaf missinguptor^T 



in V. 9c. as noted by the scribes. 
Thus, B 1 adds in the margin,3lfiT^^; 
B2. adds.Tto^, and B3. adds*f<Tt 
t^ncp. AndalladdSTJir^nRrT I 
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The gnomon should be twelve units in length, not necessarily digits; no harm will result, pro- 
vided all measurements are given in the same units. The circle also can be of any desired diameter, 
not exactly four gnomons in length. We are not sure whether the word for Tour' occurs at all in the 
text, it is so corrupt in that part. We can only say it cannot be sahkuarigula as corrected by TS; the 
letters are so different. 

Finding the directions in the manner described is explained thus: The North is directed towards 
the north pole of the earth. Corresponding to this is the celestial north pole, (from which we can 
find the north, if we can only observe it correctly, and therefrom the other directions). At mid-day 
the Sun is on the meridian, and at equal times before and after, its altitudes and directions are 
equal, provided its declination does not change. As the Sun's position is thus symmetrical, before 
and after noon, with the meridian as the line of symmetry, the gnomonic shadow is symmetrical 
with the north-south line (which corresponds to the^meridian) as the line of symmetry. Therefore 
if two gnomonic shadows, one in the morning and one in the evening, of equal lengths, are marked 
on a horizontal surface, the bisector of the angle between the two shadows is the line of symmetry, 
and therefore the north-south line. From this the east-west line, which is its perpendicular bisector, 
is drawn. The circle, asked to be drawn, serves the purpose of marking the equal shadows. By the 
same symmetry, the ends of the shadows are at equal distances from the east-west line, and so the 
line drawn between them is also east-west, being parallel to the east-west line drawn. Therefore the 
author asks us to draw the east-west line formed by joining the two points first, and proceed. We 
have said that the Sun's declination must be the same, i.e. does not change during the interval. But 
actually it changes. So if we do the work at a time of the year when the change in declination is very 
little, then the directions found will be nearly accurate. This happens near the solstices, and there- 
fore the work should be done when the sun is near the solstices. Methods to find the directions accu- 
rately even when the declinations are changing rapidly, are given by writers like Vatesvara, 
Paramesvara etc, and also explained by Govindasvamin in his commentary on the Mahabhdskariya, 
III.l. 

|| ?o || 

^MI€IM*M*id^dlR!i RklGld: WS^T: || W || 

Latitude from Sbadow 

20. Measure the mid-day shadow on the day when the Sun is at the equinoxes 
(the equinoctial shadow), square it, add 144, and find the square root. By this 
divide the product of the shadow into 120. 

21. The result is the sine of the latitude of the place, called Visuvajjivd (or 
Visuvajyd). Its arc is the latitude. Or, do this work on any day and get the arc. 
If the Sun is in the six signs from sdyana-Mesa, i.e. if the Sun's declination is 
north, add the declination to the arc, the latitude is got. If the Sun is in the six 
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signs from sayana-Tute, i.e. if the declination is south, subtract the declina- 
tion from the arc, the latitude is got. 

That is: 

i. Sine latitude = 1 20' X equinoctial shadow + V 144 + equinoctial shadow 2 . The arc from this 
is the latitude. 

ii. Sine south zenith distance of the Sun, (SZD) = 1 20' X mid-day shadow -r- Vl44 + midday-shadow 2 
The arc of this is the SZD. 

Using SZD, Latitude = SZD±declination ('plus' should be used if the declination is north and 
mtnus if south.) 

Emmple 5 (a). At a cert ain place th e equinoctial shadow is 5 units. Find the latitude ofthe tolace 
Sin. lat. = 5 x 120' ■+ W + 144 = 600' -f- 13 = 46' 9". 
Arc of 46' 9" = 22° 37'. The latitude is 22° 37'. 

Exampk 5 (b). Ataplacewhenthe Sunisattheendo/sdyana Tuld, themid-dayshadowisfoundtobe9units. 
Find the latitude of the place. 

Fromtheformula, (themid-day-Sun's)sinSZD = 9 x 120' ■*■ VlF+~T44 = 1080715 = 72' 
SZD =arcof72' = 36° 53'. 

The declination of the Sun at the end of Libra is 1 1° 44'S (from 16-18). Taking the minus sign, 
since the declination is south, the latitude = 36° 53' - 1 1° 44' = 25° 9'. 

Note: Rule (i) can be used everywhere, while rule (ii) should be used only if the midday sun is 
south of the zenith. If it is north, having north zenith distance, (NZD), declination = NZD = 
latitude. But the work being a Karana, the author intends it to be used only in North India, where 
the midday zenith distance is always south, and hence this has not been mentioned by him. Further 
the author envisages only north latitudes by his formulae. 

Sky-sphere (Khagola) 

Here onwards, explanations require a knowledge of the sky-sphere (khagola) with the stellar 
sphere imposed on it. Therefore we shall describe the sky sphere. Hindu astronomers describe it 
as the 'Casket Boundary of our universe' (Brahmarjda-ka^-samputa), and marked by the penetration 
of sunlight. Beyond that there is no sunlight. The measure of a great circle on the sky-sphere is said 
to be the number oiyojanas the Moon, or the Sun or any planet moves in a kalpa (yuga according to 
the followers of Aryabhata), — though, really, the sphere is only illusory and supposed to have an 
mdehnite radius. As the stellar sphere also is enormous, we can take the surfaces of the two spheres 
sliding on each other, and forming spherical triangles by arcs on each intersecting those on the 
other. The problems will entail the solution of these triangles. (The formulae for solution have 
already been given). This will be understood by examining Fig. 6. 

20-2 1 . Quoted by Utpala on BS 2 . pp. 59-60. 

20a. A.WT^gl;C.RHH^ d. A.C.D.I^ 

b. A. om-^TI5r-om. 12b. A.^iq#«^. A.C.D.°«rarT^g^ 

c. A.71%. A.D.^RI^ d. A.#8ff: 
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Fig. IV. 6 



NESWZ is the sky-sphere. It is the sky as seen by an observer on the earth who fancies himself 
stationary, though taking part in the rotation of the earth, and thinks that the stellar sphere is 
rotating on the axis joining the celestial poles, NP, SP. NESW is the horizon marked by the cardinal 
points North, East, South, West. (Note that the east and west points are interchanged so as to 
appear as we see them when looking up at the sky.) Z is the zenith, corresponding in the sky to the 
observer's position on the earth, and is the point where the line from the centre of the earth, 
through the observer, joins the sky-sphere. NNPZOS is the meridian. EZW is called the pnme 
vertical ENP is part of what is called unmandalam. ZSH is part of the vertical circle from the zemth 
to the horizon passing through the sun, moon, etc. (Note that the prime vertical is the vertical circle 
passing through the east and west points, and that the meridian itself can be considered as a verucal 
circle passing through the North and South points.) ZS is the zenith distance of S, and HS is the 
altitude. S L SS 2 is the diurnal circle, the apparent path of S daily, due to earth's rotation. 

The stellar sphere (Fig.4) can be recognised here by the celestial equator ErROW, by the ecliptic 
EcrSC, by the north celestial pole NP, by the position of the Sun S, etc. and by the dechnation circle. 
NPSR of which SR is the arc of declination. Because of the position of the observer on the earth 
with reference to the terrestrial North pole, the celestial North pole (NP) seems lifted up along the 
meridian from the north-point (N) so that its altitude is equal to the latitude of the place, and by 
this the celestial equator is depressed southward by the same amount from the prime vertical. 
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Therefore the latitude of the place = NNP = ZO. (What we have said is for places in the northern 
hemisphere, i.e. north latitudes. In the southern hemisphere, i.e. at places of south latitudes, SP is 
lifted up from S, and the celestial equator is depressed northward by the same amount.) The 
complement of ZO, OS, is called the co-latitude (Lamba). Thus in triangles formed by great-circle- 
arcs of the stellar sphere and the sky-sphere, the latitude is involved directly or indirectly. The for- 
mulae for the solution of these triangles have been already given. 

Now, the two formulae for latitude can be proved by using the meridian, thus: see Fig.7 

z 

Ob:observer s2 
N: north point 
S: south point 

NS 2 ZS,OSoS 3 : The meridian 
Z: zenith 

O: point of intersection of meri- 
dian and celestial equator. 
S = S 2 , S,, S o , S 3 ,: four positions 

of the mid-day sun. 
OS: Sun's declination 

Fig. IV. 7 

As already described, OZ = latitude. 

On the equinoctial days at mid-day the Sun, S is at O. 

.-. ZS o (the south zenith distance of the Sun) = ZO = latitude (first formula). 

On other days, the Sun may be (i) south of O, (S 3 ), or (ii) north of O but south of Z, (S,), (iii) north 
of O and north of Z, (S 2 ). 

i. Here, the latitude = OZ 
tion. (second part of second formula). 

ii. Here the latitude = OZ 
(first part of the second formula). 

iii. Here the latitude = ZO = S 2 — S 2 Z = the declination — the north 
zenith distance of the Sun. (This case is not given by the author). 

The zenith distance of the midday Sun used in the 
formulae is to be found thus: see Fig.8. 

EG = gnomon of 12 units 
ET = The midday shadow, 
TG = The shadow hypotenuse, 
ZGS = the zenith distance = angle TGE. 

Sin zenith distance (ZD) = sin ZGS= sin TGE= TE X 120' -5- TG 

= Shadow X 120' -*• Shadow hypotenuse 
= Shadow X 120' + yshadow* + gnom or? 
= Shadow x 120' + yshadow* + 144., 
(where shadow is in the units taken). 

From sin ZD, arc ZD is found. 



S 3 Z — S 3 = the south zenith distance of the Sun 



the declina- 



ZSj + S,0 = the south zenith distance of the sun + the declination 




Fig. IV. 8 
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Sine zenith distance 

22. Subtract the Sun's declination from the latitude (of the place), if the decli- 
nation is north, and add if it is south. The midday Sun's Z.D. is got. Find its 
sine and multiply by twelve. Divide this by the root of the difference of the 
squares of the radius and sine ZD. The mid-day shadow is obtained in angulas. 

The following are the rules: 

i. Degrees of zenith distance = Latitude + Sun's declination (the upper sign being used for 
north declination and the lower for the south.) 

ii. Mid-day shadow = 12 X sin ZD + y^-sin* ZD (where 120 is written for radius). 

It must be noted that the incompleteness mentioned in connection with the second formula if the 
previous work is found here too. 

Emmple 6. The latitude ofa place is 25° 9'. The Sun's declination is 11° 44' , south, (the Sun being in the 
part ofthe ecliptic beginningjrom Libra). Find the mid-day shadow. 

The declination being south, ZD = 25° 9' + 1 1° 44' = 36° 52'. Sin ZD = 72'. 

.-. Middayshadow = 12 X 72 + V 120* - 72* = 12 x 72 + 96 = 9angulas. 

The rules are explained thus: 

From the previous rule, Latitude = zenith distance ± declination, (+ for north declination, and 
- for south declination), we have, zenith distance = latitude + declination, (for north and south 
declinations, respectively). 

From this sine zenith di stance is got. Usi ng this, the shadow is obtained from the previous rule, 
sin ZD = shadow x 120 + Yshadow* + 144. 

Squaringboth sides, sin 2 ZD = shadow 2 X 120 2 + (shadow 2 + 144). 

sin 2 ZD X (shadow 2 + 144) = shadow 2 X 120 2 
sin 2 ZD X shadow 2 + 144 sin 2 ZD = shadow 2 X 120 2 
120 2 . shadow 2 - sin 2 ZD. shadow 2 = 144 sin 2 ZD 
shadow 2 = 144 sin 2 ZD + (120 2 - sin 2 Z D) 
shadow = 1 2 sin ZD + Vl20 2 - sin z ZD. 



22. QuotedbyUtpalaonBS2,p.61. 
22a. A.D.37q%T. A.C.D.U.°^T 

b. A.^5f?T; C.D. U.3fe*3qiffr. A.-^I 



c. A.C.D.UjcRTT 
d. A.TTTHTTI^ 
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Sine Co-latitude and Day-diameter 

23. Square the sine of latitude and deduct from the square of the radius. Its 
square root is the 'sine of co-latitude', (its arc being the 'co-latitude'). Square 
the sine of declination, deduct from the square of the radius and find its root. 
Twice the result is the 'day diameter'. 

Now, we have - 

(i) sine co-latitude = Vradius 2 - sin 2 latitude 

(ii) Day-diameter = 2 X Vradius 2 - sin 2 declination 

Emmple 7 (a). sin lat. = 72. Find sin co-lat, and its arc, viz. the co-lat. 

sin co-lat. = V 120* -72* = 96' . 
Arc 96' = 53° 8' = co-latitude. 

Example 7 (b). The Sun is at the end of the sign Aries. Find the day-diameter. 
The Sun's longitude = rdsi. 1-0-0. Sine rdsi. 1-0-0 = 60'. 
.-. sin declination = 60' ( 60+l)/150 = 24' 24". 
Theday-diameter = 2 X Vl20 2 - 24' 24'- = 2x 117' 30" = 235'. 

In the right angled triangle having the radius as the hypotenuse and the sine of latitude as the 
base, the sine of the co-latitude stands as the perpendicular or lamba. Therefore it is called lambajyd. 
By the analogy with co-sine for sine, co-tangent for tangent, and co-secant for secant, the term co- 
latitude for latitude, has been invented for 90' -latitude, for convenience of expression. Therefore: 
(since base 2 + perpendicular 2 = hypotenuse 2 ), sin 2 lat + sin 2 co-lat = radius . 

From this, sin 2 co-lat = radius 2 _- sin 2 lat. 

. • . sin co-lat = Vradius 2 — sin 2 lat. 

As for the day-diameter, by the diurnal rotation of the 
earth on its axis, the Sun apparently moves round the earth 
every day in a circular path, at a distance from the celestial 
equator equal to the latitude, with the axis of the earth 
perpendicular to the plane of the circle. This circle is called 
the diurnal circle or day-circle and its diameter, the day- 
diameter. (See this shown in Fig.6.) The diameter can be 
measured thus: see Fig.9. 




Fig. IV. 9 SP 



23. QuotedbyUtpalaonflS2,p.60. 
23a. A.Pl<=I^WIHMl4 
b. A.iJ^T^ĕra:; Cj^tĕPI: 



c-d. A.^iP^iBWisbWHK^ C-D.°fcq=wg; 

■4<l4feH°qW (D.M<r*RH^W:) 
d. A.ti^T 
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NPCSPQ is the stellar sphere, with centre E, CQ is the celestial equator, SC is the declination of 
the Sun S, SEC = degrees of declination, SB is the diurnal circle, with the straight line SB as its dia- 
meter, and SA as its radius. 

Suppose the sphere is cut into equal halves, with the cross section NP C SP QE exposed to view 
and the axis NP E SP forming a diameter. 

SE is the radius, and SD (= AE) = sin declination. Then, SA = VSE Z - SD Z . 

But SA = half day-diameter. 

.-. day-diameter = 2 SA 

= 2 Vradius z — sin* declination. 

3M<jM(M^IMcfrH*0c< |: (^BT: ^) 4 c^-ijft-cTOcT:' | 
>qg'1rrf«r' ^5BT(^?) Rlehdl3mf^chl [:] mR^I I: || ^ || 

24. The sines of declinations of the points of the ecliptic ending Aries, 
Taurus and Gemini are 24' 24", 42' 15", and 48' 48". 

We shall show these to be correct by computing them. The sine declination of the end of Aries, 
i.e. rd. 1-0-0 has been derived in example 7(b) to be 24' 24". The sine of declination of the end of 
Gemini, i.e. rdsi 3-0-0, has been shown to be 48' 48", (the maximum) in the example above. So we 
shall derive here only sine declination of the end of Taurus, i.e. rasi 2-0-0. Sine rdsi. 2-0-0 =103' 
55" (from tables). The sine of its declination by IV.16 is, 103' 55" X (60 + 1)/150 = 41' 34" + 41" 
34"' = 42' 15"34"'. Here, though 34"' is greater than half a second, the author has omitted it and 
given 42' 15", to the nearest quarter minute. 

25. The respective day-diameters are, in the minutes parts: 200 + 35, 200 + 
24, and 200 + 1 9, with 40" and 1 5" added to the second and third, (i.e. the day- 
diameters are, 235', 204' 40" and 219' 15"). 

Of these, the day-diameter of the end of Aries has been worked out in Example 7 (b). We shall 
derive the other two. 

T he day-diameter i br the Sun at the end of Taurus = 2 V 1 20 z - sin 2 declination of the end of Taurus, 
= 2 V 120" -42' 15"-' = 224' 38". 



24b. A.C.D.^HRg 

c. A.^+l% D.^F?[^]1^Tr 
d. A. ^!^ 1 * 



25a. A.om^ 
b. A.°«psFTT.C.D.T5Slf 
d. A.°fo£r. A.^IR^t 
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But the author gives 224' 40" as being more convenient to use. The day-diameter at the end of 
Gemini = 2 V 120* - 48' 48"* = 219' 15", which is the same as given by the author. 

The missing part of the text, (pancatrimsat), has been found out by computation. (tisamyu) has 
been guessed as being necessary to supply the meaning, which is clear. 



26. Multiply the sine of latitude by 240' and by the sine of declination. Divide 
by the sine of co-latitude and by the day-diameter. Find the arc of the sine 
obtained in minutes — (This arc is called half-eara)-and divide by 3. The result 
are the accurate minutes of cara, (which might be called 'day-difference'). 
From the cara we can obtain the cara-intervals, {orcara differences). 



This is the formula: 

(i) Sine half-eara = 240' X sine latitude X sine declination h- (sine co-latitude x day-diameter) 
From this the half-cara arc is got. Then, 

(ii) Cara, i.e. day-difference in vinadis = minutes of half-cara -r- 3. 

In III. 12 the author gave a rule for the cara-vinadis to be used in North-India and its neighbour- 
hood and said that he would give the general rule later in the Chedyaka section. This is it. Further, 
in the rule of III. 10, the interval of the vinddis were given for long intervals in degrees, like whole 
signs, and the value obtained can only be rough. This rule can give accurate values. 

The reading perhaps is 'cara-pinda' for which the scribe has written 'cara-khanda' by mistake. 

Emmple 8. The sine of latitude of a place is 72', and the sine of co-latitude 96' . The Sun is at the end of 
Mithuna, with the sine of its declination 48' 48". The day-diameter for the day is 219' 15". Find the cara- 
vinddis. 

By the formula, sine half-c«ra = 240' X 72' X 48' 48" -s- (96' X 219' 15") =40' 4". 
Arc40' 4" = half-cara = 19° 31' = 19 X 60' + 31' = 1171'. 
Cara-vinddis = 1171/3 = 390, i.e. nadis 6-30. 
The work is thus explained: (See fig.l0) 



Cara 



26a. A.sqra:^Tf% 
b. A.^HcW 
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Fig. IV. 10 

In the stetlar sphere CEC is the celestial equator, NP and SP being the north and south poles. 
NESP is the Unmandala or horizon of a place on the equator. Z is the zenith of the place, N and S 
being the north and south points and E is the east point. 

DsD is the day-diameter of the Sun, (s), in the northern hemisphere, making the declination sd. 
D^D, is the day-diameter of the Sun, (s,), in the southern hemisphere, making the declination 
sd. D S D is the day-diameter of the Sun (Sj), in the southern hemisphere, making the declination 
s,d,. s and s, are the rising points of the Sun as seen from the place, NsEs,S being its horizon. The 
altitude of the North Pole. N NP = angle NE NP, is the latitude, which is equal to SE SP, from which 
it is seen that for places in the northern hemisphere, the Unmandala is raised from the horizon by 
this angle in the north, and depressed by this angle in the south. As the Sun, in its diurnal circuit, 
takes exactly half a day to move from the eastern Unmandala to the western, the day-time is longer 
when the Sun's declination is north, for it has to travel, after rising, an arc in the diurnal circle 
(equivalent to the great circle arc dE) to reach the Unmandala and an equal time while setting. The 
time is less when the declination is south, because before rising it has to travel less by an arc equiva- 
lent to Ed, to reach the horizon from the unmandala (and an equal time less while setting). dE and 
Ed, are the arcs of half-cara, Therefore when the declination is north, the time corresponding to 2 
DE in the day-difference, (the day time being greater than 30 nadikas by this amount,) and when it 
is south the time equivalent of 2 Ed, is the day-difference, (the day-time being less than 30 nddikas 
by this amount). So we have to calculate dE, and Ed,. 

In A dEs, right angled at d, by fundamental formula III, sin dE = Radius X sin Sd X Cos sEd -5- 
(Cos sd X sin sEd). 
But, sd is the declination and sEd = 90° - N E NP= 90° - latitude. 
.-. sin half-cara = 120' x sin dec X cos (90°- lat.) -{(Cos dec x sin (90° - lat)}] 
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= 120' sin dec X sin lat h- {(Cos dec X sm (90° - lat)} 
= 120' sin dec X sin lat + (day-radius X sin co-latitude) 
= 240' sin dec X sin lat - (day-diameter X sin co-latitude). 
From this the arc dE is got. 

Ed, for south declination is got in the same way, from A s,E d r 

Fro'm dE or Ed p the cara-vinadis are got thus: For the whole circle of 360° or 2 160C ) minutes of 
arc Xre are 60 X 60 = 3600 wuuhs. ,. For the arc of half cara in mmutes there are 3600 x arc of 
h^cam * 2 1 600 = arc of half cara/6 mnddts. The whole cara-vinddrs are twice tlus, and equal to 2 X 
minutes of half-a>m/6 = minutes of half-cara/3. 

As we have said, these are added to 30 nndtkds to find the day-time, when the declination is north 
i.e when the Sun is in six signs from Aries. Those vMis are subtracted when the Sun 15 in the 
south, i.e. in the six signs Libra etc. • 

The part of the formula, sin declination X sin-latitude + sin co-latitude, is call ed ^arth sine^ 
(ksitijya) in Hindu astronomical works, which is reqmred to be multiphed by the radms and 
dtlded by the day-diameter to get sin half-cara. In certain works the half-cara itself U called cara. 

fe <f*4 i H^ik^ i lH^i^iH^d^H H || 
t^^tWaiT oii wi^uimdiid^^n | 

q^T#TmT: sfc*T# ^TT dMchl <*Tcrf?, \\?6 



Latitude from Cara 

27. Divide the vinddis of cara by twenty and find the sine of the resulting 
degrees. Multiply the day-diameter by this, and divide by 240. Put the result 
in two places. In one place square it and add the square of the sine of declination 
and find its root. 

28. Multiply the result kept in the other place by the radius, and divide by this 
root. The result is the sine of latitude. Its arc is the latitude. 90' minus latitude 
is the co-latitude, and its sine, sine co-latitude. 

The following is the work to be done: 

i. The vinddis otcara + 20 = degree of half-cara. Find its sine. 

ii. Sine half-cara x day-diameter -h 240 = sinex. (This is earth-sine or ksitijyd). 



27-28. QuotedbyUtpalaonBS,2,p.60. 
27b. A. 0l T?*T o 

c. A.ajMk*^; C.^l^lt^ 1 ^ 
d. A.iJĕPJ 



28a. A.r«lfd^i; C.D.Ml^n. A.W^TT 
c. A.^^yl^HW 
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iii. Earth-sine X 120 ^sin* earth-sine + sin 2 dec = sin lat. From this the latitude is found 

iv. 90° — latitude = co-latitude. Its sine. co-lat. 

Emmple 9. At a certain place on a certain day, the vinddis of cara are 390 1/3. The day-diameter is 219' 
15". Find the latitude of the place, and sine co-latitude. 

Thesineofdeclinationrequiredfortheformulaeis, by (IV.23), V~ 120* — (219' 1572) 2 = 48' 48". 

i. Degree of half-eara = 390 1/3 -5- 20 = 1 171/(3 X 20) = 19° 31 '. From this, sine half-cara = 40' 

4". 

ii. (Earth)-sine = 40' 4" X 219' 15" + 240' = 36' 36". 

iii. Sin lat-= 36' 36" X 120' V36' 36"* + 48' 48"* = 120 + VI +16/9= 120' X 3/5 = 72'. 
From this, lat = 36° 52'. 

iv. Co-latitude = 90° - 36° 52' = 53° 8'. From this sine co-latitude = 96'. 

The rules are thus derived: 

a. From the rule, mnddikds of cara = minutes of half-cara +"3. By transposing, we have: 
Minutes of half-eara = vinddikds of cara X 3. 

Degrees of half-cara = vinddikds oicara X 3/60 = uinddikds of cara/20, which is (i). 

b. From the rule, sine half-cara = sin lat.X 240 X sin dec (sin co-lat x day-diarneter), we get; 

Sin dec = sin half-cara x sin co-lat.x day-diameter h- (240 X sin lat) 

= sin co-lat X earth-sine + sin lat. 
Using this in (iii) above, we have: 

Sinlat = earth-sine X 120' + yearth-sine* + sin* co-lat X earth-sine^ h- sin^lat. 

120' -t- ysin^lat + sin^co-lat h- sin^lat. 

= earth-sine X 120' + (earth-sine) V 1 + sin z co-lat 

= 1 20' -4- Vsin* l at + sin^ co-lat ■+ sin^lat. sin2lat 
= 120' h- Vl/sin z lat = V sin^lat = sin lat, thus proving (iii). 

From this the latitude is got. Then, 

v latitude + co-latitude = 90°, 

Co-latitude = 90° - latitude. 

It should be noted that of the sin declination and the day-diameter required in the rules, one is 
sufficient, because the other can be got from that. As for the word khanda, meaning 'interval' or 'dif- 
ference', we have already said that it is pinda ('the whole') we get first, and thence the khanda. 

As for the reading, we have corrected, carathanakapaksdrmsa, into carakhandakhapaksamsa, making 
ka into kha, because 'twenty' is required here as the divisor. This is the only correction we have 
made. But TS, followed by NP, have made several corrections, not realising that if Bhattotpala's 
reading is adopted no other correction would be required. 
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[<lfVl^l]iM5h^l(^)f^(^)^r[frT] fa0STT)7T^ | 
^(om) ) <TT (^) 'tVi*' TT^(^T)^TT^T: || ^ \\ 

W^TT^^TOT: N^sbMlrl^nir^ ||^o || 

Rt. ascensional difference 

29. Square the sine of the longitude of a point on the ecliptic, and deduct 
from it the square of the sine of the declination of the point. Find its root, 
multiply it by the diameter and divide by the day-diameter. Find the arc of the 
resulting sine in degrees. Multiply the degrees by 10. The Right ascension of 
the point is obtained in vinddis. deducting the right ascension of the next rdii 
from that of the previous, the right ascentional difference of the rdsis are 
obtained. 

30. The vinddis of right ascentional difference for the three signs from Mesa 
are 278, 299 and 323. In the next quadrant they are the same in the reversed 
order, viz. 323, 299 and 278. In the half of ecliptic beginning from Libra, the 
difference are those of the first half, taken in the reverse order. 

The formula is: 

Sin Right ascension = 240' X Vsin z longitude - sin^dec day-diameter. 

The degrees of right ascension multiplied by 10, are the uinddis of right ascension. 

The differences as calculated, are, for Aries etc. 278, 299, 323, 323, 299, 278, 278, 299, 323, 323, 
299, 278. 

Now, what is the meaning of saying that in the second half the differences are in the reverse order 
of those in the first half, when reversing the order does not make any difference? True. But the 
author must have meant this statement for ascensional difference in general, for, then, owing to 
the subtraction and addition of half day-differences (cardrdha) in the first and second quadrants, 
the reverse order becomes different. 

Further, the vinddis mentioned here are sidereal and not mean solar, because the vinddis per 
degree are obtained by dividing the time of a full revolution by 360, and the time of a fuli revolution 
of the stellar sphere is a sidereal day, and not a mean solar day which is the time of the diurnal 
revolution of the mean Sun. 
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Example 10. Find the right ascensions of the points of the ecliptic ending Aries, Taurus, and Gemini, i.e. 
longitudes 30°, 60° and 90°. From them find their respectwe differences. 

Sin 30° = 60', sin 60° = 103'55" and sin 90° = 120'. 

Sin dec. of the points ending Aries etc. are, respectively, 24'24", 42' 15" and 48'48". The respec- 
tive day-diameters are 235', 2244'38", and 219' 15". 

(a) Forthepoint30°, sinRt. asc = V60 ,i! - 24' 24"* x 240 -s- 235 = 54' 49" x 240 + 235 = 55' 59". 
Its arc = 27° 49'. Multiplying by 10, the vinddis of Rt. asc. are 27° 49' X 10 = 278. 

(b) Forthepoint60°,sinRt.asc. = Vl03' 55"* - 42' 15" 2 X 240 - 224' 38" = 94' 57" X 240' -s- 
224' 38" = 101' 26". Its arc = 57° 42'. The vinddis of Rt. asc. = 57° 42' X 10 = 577. 

(c) For the point 90°, sin Rt. asc. = V 120'* - 48' 48" 2 x 240' + 219' 15" = 109' 37".5 x 240' hh 
219' 15" = 120'. Its arc = 90°. The vinddis of Rt. asc. arc. 90° X 10 = 900. 

The difference for Gemini = Rt. asc. for 90° - Rt. asc for 60° = 900 - 577 = 323 

The difference for Taurus = Rt. asc. for 60° - Rt. asc. for 30° = 577 - 278 = 299. 

As the Rt. asc. of the first point of Aries is zero, the difference for Aries = Rt. asc. for 30° - Rt. 
asc.for0° = 278 - = 278. 

All these are the same as given by the author. 

This is how the formula is arrived at: The time taken by each sign of the ecliptic, beginning from 
Aries, to rise above the eastern horizon, for an observer on the equator, is in vinddis 278, 299, etc, 
and their total is the time taken by any point to rise, after the rising of the First point of Aries. This 
is represented by the arc of the celestial equator (called the Rt. asc.) measured from the First point 
of Aries, and we have to find this arc. 

In Fig. 1 1 , r is the First point of Aries. P is the point on the ecliptic of which the time of rising is 
required, and Pd is the declination of the point, equal to the arc of the horizon from the east point 
to the rising point. dr is the arc on the celestial equator, called the Right-ascension of the point P, 
which is required to be found. 

From the fundamental formula iv, 

Sin Rt. asc. = sin dr = sin Pd X cos Prd X Radius -5- (Cos Pd X sin Prd) 

P 

= sin Pr X cos Prd -s- cos Pd (•.• by the fundamental formula ii, sin Prd 
- sin Pd X radius -r sin Pr.) 

= sin Pr X VRadius* - Radius*. sin^Pd h- sin z Pr -i- cos Pd 

= sin Pr x Radius ^sin* Pr - sin* Pd + (sin Pr X cos Pd) 

= Radius X ^sin* Pr - sin z Pd + cos Pd 

= 120' X VsinMong. - sin^dec. -s- Vfe day-diameter 

= 240' x Vsin 2 long. - sin* dec. day-diameter. 

The arc of this is the Rt. asc. As there are 3600 vinddis for a Rt. asc. of 360°, for the Rt. asc. got, 
the time is, Rt. asc. x 3600 - 360 = Rt. asc. X 10. Then by subtracting the vinddis pertaining to the 
Rt. asc. of the beginning of the sign from that of the end of the sign, the differences are got. 
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Because the sine of the longitude and the sine of the declination (which itself vanes as the sine 
of the longitude) decrease in the second quadrant in the reverse order of the increase m the first 
and this increase and decrease are repeated in the third and fourth quadrants, the differences of 
yinadis follow the same course. 



[TT9^I:] 



Rising Signs 

31 Take the differences of Rt. asc. of three signs at a time. From the first 
triplet subtract the differences of haU-caras, one by one, taken m the given 
order Add the half-cara differences one by one, taken in the reverse order, to 
the second triplets. To the third triplet add the half-mra differences taken in 
the given order. From the fourth triplet subtract the hali-cara differences one 
bv one in the reverse order. The vinadis of the rising signs, called the ascen- 
sional differences, as seen from any place, are obtained. The seventh from 
the rising signs set during the same time as the signs themselves nse. 

The ascensional differences for the several signs are as follows: 

Aries : 278 - half-cara difference for Aries 
Taurus : 299 - half-cara difference for Taurus 
Gemini : 323 - half-cara difference for Gemini 
Cancer : 323 + half-cara difference for Gemini 
Leo : 299 + half-cara difference for Taurus 

Virgo : 278 + half-cara difference for Aries 
Libra : 278 + half-eara difference for Aries 
Scorpio : 299 + half-cara difference forTaurus 
Sagittarius: 323 + half-cara difference for Gemini 
Capricorn : 323 - half-cara difference for Gemini 
Aquarius : 299 - half-cara difference for Taurus 
Pisces : 278 - half-cara difference for Aries 

It can be noted that the ascensional differences for the six signs, Libra etc, are those of the six 
signs Aries etc. taken in the reverse order, as mentioned by us earlier. It should also be noted that 
signs Aries etc. mentioned here are sayana. For mrayana mesa etc. (reckoned from the first point of 
Aivinl) the differences, obviously, will be different, and there will not be this symmetry about the 
first point of Mesa or Tula. Also, we have already said that the vinadis are sidereal. Note also, that 
for places on the equator, the ascensional differences are those given in IV.30 itself, because the 
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cara is zero there, the day-time being always 30 nadis there. The Sanskrit name 'Lankodaya' itself 
suggests this, Lanka representing a place on the equator. 

Example 11. Ata certain place the equinoctial shadow of a twelve-unit gnomon is 5 units. Find the ascen- 
sional dijjerences of the twelve dsis. (sdyana). 

By III. 10 the cara-vinddis -differences for the place, pertaining to Aries, Taurus and Gemini, are 
5 x (20, 16Vfe, 6%) = 100, 82 33%. The half-cara differences are, respectively, 50, 41, 17 vinddis. 
in the southern hemisphere it is the other way. It is called Unmandala because it is raised in one's 



Aries 


278-50 = 


228 


Libra : 


278 + 50 


= 328 


Taurus 


299-41 = 


258 


Scorpio : 


299 + 41 


= 340 


Gemini 


323- 17 = 


306 


Sagittarius : 


323 + 17 


- 340 


Cancer 


323+ 17 = 


340 


Capricorn : 


323 - 17 


= 306 


Leo 


299 + 41 = 


340 


Aquarius 


299-41 


= 258 


Virgo 


278 + 50 = 


328 


Pisces 


278 - 50 


= 228 



The procedure is thus explained: The horizon of a place on the equator (i.e. zero latitude) 
appears raised towards the north pole to a person in the northern hemisphere on account of the 
elevation of the pole as we go north and submerged towards the submerged south-pole. To a person 
in the southern hemisphere it is the other way. It is calledUnmandala because it is raised in one's 
own hemisphere. The Right ascensional differences having reference to the horizon of zero 
latitude, i.e. the unmandala. But what we want are the ascensions, i.e. risings from the horizon of 
the place. Therefore the risings are earlier when the declination of the rdsi is north, (for places in 
the northern hemisphere), by the time the Sun takes to move from the horizon to the unmandala 
along the diurnal circle, and later by the same time when the declination is south. It has been 
explained that this time is equal to the half-cara vinadis. So, with reference to the points of the triplet 
Aries, Taurus and Gemini, whose declination is north, the half-eara has to be deducted. As the 
declination increases, rdsi by rdsi, the differences of half-cora have to be subtracted one by one, until 
the maximum half-cara is reached. There the declination decreases as it has increased, still being 
north, and the half-cara which has to be deducted decreases in the same manner. So the differences 
are added in the reverse order in the second triplet, i.e. Cancer, Leo and Virgo. In the next triplet, 
viz. Libra, Scorpio and Sagittarius, the south declination increases, i.e. the additive half-cara 
increases, and to the half-cara differences are again added, in the regular order, because in the 
third triplet the south declination increases in the same manner as the north declination in the first 
triplet. Then in the fourth triplet, i.e. Capricorn, Aquarius and Pisces, the south declination 
decreases, i.e. the additive cara decreases, and so the differences have to be deducted. (All this can 
be seen clearly on a globe). From the explanation it can be seen that for places in the southern 
hemisphere, the risings of the rasis are those of their seventh in the northern hemisphere. 

As great circles intersect one another, the part of the ecliptic above the horizon is always half a 
great circle, and therefore the distance between the rising point and the setting point of the ecliptic 
is always six signs, as also that of the celestial equator. Therefore the change in the Rt. asc. of the 
setting point of the ecliptic is equal to that of the rising point, with the result that the time of the 
setting of a sign seventh from the rising point is that of the rising point. 
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Time to reach the Prime vertical 

32. When the Sun is within 6 signs from Aries, (i.e. when the Sun's declina- 
tion is north), multiply the sine of the declination by 120' and divide by the 
sine of the latitude, (the place being presumed to be north of the equator 
also). The sine of the Sun's altitude at Prime vertical, (sama-sanku), is got. Find 
its arc. Treat this arc as part of the ecliptic, and fmd its Rt. ascension in yinadis. 

33. This is the time taken by the Sun to reach the Prime vertical in the fore- 
noon after crossing the unmandala, and the time remaining to reach it after 
reaching the Prime vertical, in the afternoon. The Sun does not touch the 
Prime vertical when it is in the six signs beginning from Libra, (i.e. when the 
declination is south), (as seen from places in the northerrt hemisphere). 

The following is the work asked to be done: 

(i) Sin altitude at Prime vertical = 120' X sin dec h- sin lat. 

(ii) Sin rt. asc. = Ysin* alt — sin' 2 dec X 240' day — diameter. 
Find the arc of this. 

(iii) Arc in degrees x 1 = time in vinddis to reach the prime vertical from the unmandala (or vice 
versa in the ahernoon) 

(iv) Add the total half-«tra vinadis if the time from sunrise, (or to set, if afternoon) is wanted. 

Here, the author has not mentioned the work of ii-iv explicitly, intending to give it subsequently. 
But it is clear that he is giving the time connected with the prime vertical, and that too, not the time 
before noon or afternoon, but the time from sunrise or to sunset. But it is not mentioned whether 
the rising or setting is with reference to the horizon of the place or to the unmandala. But as the rt. 
ascension in the manner of computing the Lankodaya is clearly meant, rising or setting with refer- 
ence to the unmandala alone seems to be in the author's mind, for the time with reference to 
that alone can be got. So to get the time from actual sunrise or sunset, the half-rara has got to be 
added, (section iv of the work), though this is not mentioned by the author. The half-c<zra has 
already been given, and need not be computed afresh. 

32-33 QuotedbyUtpalaon5S. 2,p.41. 
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It may be mentioned in this connection that TS understand here oniy the work upto finding the 
sine of altitude at Prime vertical. As for the time, they say it is equal to the time taken by the Sun to 
reach the altitude found out, when the question is how to find this very time. 

It should also be noted that the work upto finding the sine of rt. ascension mentioned in (i) and 
(ii-) can be done easily, thus: Work (iv) presupposes the knowledge of sin half-cara. Using that, sin 
rt. ascension mentioned in (ii) 

= sin hal f-cara X sin 2 colat -=- sin 2 lat. 

= sin half-cara X 144 -+ square of equinoctial shadow. 

If the sin rt. ascension obtained is greater than 120', then, even when the Sun's declination is 
north, the Sun does not touch the prime vertical. We shall explain this later. 

Example 12. On a certain day, the longitude of the Sun is rasi 1-15. The latitude ofthe place (north of 
eauator) is 30°. (The equinoctial shadow is 6 angulas 55. 7 vyangulas). When, after sunrise, does the Sun cross 
the prime vertical at thatplace, on that day. 

We require the sine of declination and sine half-cara for the given time and place. 

Sin dec = sin T 15° x 61/150 - sin 45° X 61/150 = 

= 84' 51" X 61/150 = 34' 30".3. 

Theday-diameter= 2 X V 120* - 34' 30".3 2 = 229' 51".4 

Sin half-cara = 240' x sin lat X sin dec + (sin co.lat. X day-diameter) 

= 240' X 60' X 34' 30".3 - (103' 55" x229' 51".4) 

= 20' 48". 
Half-cara = arc of 20' 48" = 9° 59'. 
Half-cara vinddis arc 9° 59' x 10 = 100 = nd. 1-40. 

All this is supposed to be known already. 

Now for the computation of the time: 

(i) sin altitude = 34' 30".3 X 120' -s- 60' = 69' 1". 

(ii) sin rt. asc = V69' l" y - 34' 30".3 2 X 240' + 229' 5 1".4 = 62' 24". Its arc is 3 1° 2 1 '. 

(iii) The corresponding time = 31° 21' X 10 = 313 vinddis = nd. 5-13. 

(iv) The time of crossing the prime vertical after sunrise = nd. 5-13 + nd. 1-40 = nd. 6-53. 

This is for the forenoon. For the afternoon, deducting this time from the time of sunset, nd. 33- 
20, the time of crossing is nd. 33-20 - nd. 6-53 = nd. 26-27. 

Now, according to the short-cut in the place of (i) and (ii), Sin rt. asc. = sin half-cara X sin 2 co.lat 
-r sin 2 lat. 

= 20' 48" x 103' 55" 2 - 60' 2 = 20' 48" x 3. 

= 62' 24". (See this obtained by the regular rule). 

Or, sin rt. asc. = sin half-cara X 144 equinoctial shadow 

= 20' 48" x 144 ^ (6 ang. 55.7 vyang.f 

= 20' 48" X 3 62' 24", as already obtained. 

The rules are explained as follows, supposing the place to be north of the equator. (For places 
south of the equator also the same can be used, interchanging the directions north and south, 
wherever thev occur.> See Fic 12. 
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Fig. IV. 12 



In this figure of the sky-sphere, Z is the zenith, and NP is the north pole. D,D„ DD, etc. are four 
diurnal circles, on which four positions of the sun, S,, S, etc are indicated. 

D 2 M 2 D 2 is a part of the unmandala, visible. 

In all the diurnal circles, the Sun S, etc. rising at D, etc. moving westward, moves a little south, 
little by little, until it reaches the merrdian point M, etc, where the 'southing' is equal to the latitude, 
N NP, and then proceeds to move westward, moving north little by litde, setting in the west at a 
point having the same amplitude as the rising point, (assuming that the declination does not 
change). On the two equinoxes, the Sun rises due east (D 2 ) and sets due west (D 2 ) southing on the 
meridian by ZM 2 (= N NP = latitude), and thus is always south of the prime vertical. So, when the 
declination is south, the diurnal circle (D S D 3 ) is always south of the prime vertical and so the Sun 
(S 3 ) never touches the prime vertical. Even when the declination S,S 2 (= M,M 2 )is greater than the 
latitude (ZM 2 ) theh the Sun is always north of the prime vertical, the diurnal circle DjSjMjD^ being 
north of it. It is this that was referred to by us as the case not mentioned by the author, viz. the case 
of the declination being north, but still not crossing the prime vertical, the case that is possible in 
the southern part of India. There is only one case left, that of the Sun's declination being north, but 
less than the latitude, (e.g. the Sun moving on the diurnal circle D U S MD), in which alone the Sun 
crosses the prime vertical as at S. 

The time by which the Sun rising at D describes the part of the diurnal circle, DS, is to be found. 
Here there are two parts, the time from D to U which is the half-cara, and the time from U to S, i.e. 
the time after crossing the unmandala, which alone, we have said, has been mentioned explicitly by 
the author, and for which alone the rules of computation have been given by him. That is why we 
have said that the two times should be combined to get the time after sunrise. Of these, the method 
for computing the half-caro has been explained already. Therefore we shall explain the second part 
alone. 

The time to move from U to S in the diurnal circle is clearly the time to move from D 2 to S 2 on 
the celestial equator, and given by the arc D 2 S 2 which is to be got by solving the spherical triangle 
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SS 2 D 2 , right angled at S 2 . SS 2 is the declination. Angle S 2 D 2 S = ZM 2 = latitude. Therefore, from the 
fundamental formula IV, 

sin D 2 S 2 = Cos S 2 D 2 S x sin SS 2 X radius + (sin S 2 D 2 S.cos SS 2 ) 

= Cos lat X sin dec X radius + (sin lat.x cos dec.) 

= sin colat X sin dec X radius + (sin latx day-diameter/2) 

= sin colat X sin dec X 240' X (sin lat,X day-diameter) 

(From sin D 2 S 2 arc D 2 S 2 is found and converted into time at 10 vinadis per degree, as mentioned 
before.) 

We shall prove the author's method by showing that his formula is equal to this. The author's 
formula is: 

SinD S 2 = Vsin g alt. at prime-vertical - sin* dec X 240 + day-diameter 

= Vsin a dec x 120* + sin a lat - sin^ dec x 240 + day-diameter 

(..■ sin D,S = sin SS ? + sin S 2 D 2 S, by f undamental formula II) 

= y^sin^ dec (120* - sin* lat) + sin* lat X 240 + day-diameter. 

= Vsin 2 dec. sin* colat + sin" lat X 240 + day-diameter). 

= sin dec X si i colat X 240 + (sin lat X day-diameter) 

This is identical with the formula derived by us. (The author himself will be giving this form in 
the next verse.) 

We shall now show how the formula for the condensed work is got. The formula for half-cara is: 
Sin half-rara = sin dec X sin lat X 240' + (sin colat X day-diameter) 

Multiplying the numerator and the denominator of the formula arrived at by (sin lat X sin colat), 

W< Sta Rt. asc. = sin declination x sin lat X sin 2 colat X 240 + (sin 2 lat X day-diameter X sin colat) 
= sin half-caro X sin 2 colat + sin 2 lat, given by us. 

t^O'^^ ^tto^dhypotcnusd» + (120' X equinoctial shadow + equinoctial hypotenuse) 2 

= 12 2 /equinoctial shadow 2 

= 144 + square of equinoctial shadow. 

So this can be substituted for sin 2 colat + sin 2 lat. 

It must be noted that if the declination is greater than latitude, i.e. if sin dec > sin lat, then sin 
colat > day-diameter. Therefore sin rt. asc. > 120', for which there is no arc, which means that at 
no altitude, or at no time does the Sun cross the prime vertical. This is what was referred to earlier 
and here shown mathematically. 



OT(^) 'W'?T: W[T]c* (F) II V* 

34 Multiply sine declination by 240 and again by sin co-latitude and divide by 
the product of the sine of latitude and day-diameter. Find its arc in 
degrees and divide by six. (The time in rwdis, taken by the Sun to move from 
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the unmandala to the prime vertical is got.) Add to it the time of hali-cara. This 
is the time from sunrise for the Sun to reach the prime vertical. 



The following is the work: 

(i) Sin (arc corresponding to time from unmandala to prime vertical) = 240 ' X sin dec X colat 

(sin lat X day-diameter) 

(ii) The arc in degrees of (i) is to be got. Dividing by 6, the time in nddls is got. 

(iii) The time got by (ii) + the half-cara is the time after sunrise, for the Sun to cross the prime 



Note that the formula here given is what we arrived at earlier, as what the author's formula 
reduces to in verses 32-33. Then, why is this repetition? In the previous two verses, the work was 
not given ciearly and fully. Here it is clear and full. 

Now for the reading: From the words khajinaghni krdntijyd lambaghni, it is clear that the product 
of two sines must be the divisor. Therefore, we have corrected dhruvaguna dyudairghyahrtd into 
dhruvaguna-dyudairghya-hatd, which is otherwise also a better reading. Other small corrections have 
been made according to the idea intended to be expressed, and according"to syntax. Thus it is 
clearly seen that in the work sin colat appears as part of the numerator, and sin lat. as part of the 
denominator, from which it can be seen clearly that the formula is concerned with hnding the time 
of the Sun's rise from unmandala to the prime vertical, and not the half-cara. The mention of the 
half-cara here is just to say that it should be added to find the whole time. 

However, both TS and NP have been misled by the mention of the expression 'half-cara' into 
thinking that the formula itself is to find the half-cara, with the result that they take the numerator 
as the denominator, and the denominator as the numerator, not realising that by their interpreta- 
tion the rule for half-cara would be a repetition, because in IV. 26 also the same has been given, and 
in the same form, which NP, too, have, noticed and observe: "This in fact, is only a repetition of IV. 
26. It is here out of place." (pt.II, p.43). But it may be asked whether the work according to our 
interpretation is not a repetition of the work of the previous two verses. We say the work as given 
here is clear, succinct and full. But when what is the use of the two previous verses? The work there 
given is easy to explain on the basis of the rule for the Rt. ascension of the ecliptic point, gone 
before. Or, that method perhaps is that of the Paulisa, the author giving the same in a better form 
here. 

The example on this has already been worked out in Example 12. 



vertical. 
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Great gnomon (Sama-sanku) and its shadow 

35. When the Sun is in the northern hemisphere, (i.e. in the six signs, Aries 
etc), multiply the sine of the longitude of the Sun by the sine of the maximum 
declination, (i.e. by 48' 48"), and divide by the sine of latitude. The minutes 
so obtained are called the minutes of the 'Great gnomon' or $aiiku, (i.e. sine of 
altitude), (and in this case, the sine of Prime vertical altitude). From this the 
shadow of the Sun on the prime vertical must be calculated. 

(i) Sin prime vertical altitude - sin Sun's long x 48' 48"- sin latitude. 

This is the Great gnomon, and the radius is the Great hypotenuse. The square root of the square 
of the hypotenuse lessened by the s guare of the gnomon is the shadow. Therefore the Great shadow 
= Vradius* — sin * prime vertical alt. 

Therefore, by the similarity between the Great shadow and the shadow triangles, we have the 
proportion, Great gnomon: Great shadow :: Twelve unit gnomon: shadow. From this, the 
required, 

(ii) Shadow = 12 X V 120* - sin* prime vertical alt. - sin prime vertical altitude. 

Emmple 1 3. The longitude ojthe Sun is rasi 1-0. The latitude is 30°. Find the Great gnomon ofthe Sun at 
prime vertical, and thereby the gnomonic shadow at that time. 

(i) The Great gnomon = sin prime vertical altitude 
= Sin Sun's longitude X 48' 48" -> sin latitude 
= 60' X 48' 48" H- 60' = 48' 48". 

(ii) Shadow = 12 X V120> - 48' 48" 2 - 48' 48" 
= 12 X 109' 38" + 48' 48" 
= 12 x 109 19/30 -> (61/150) = 1644 - 30 - 61 
= 26 units and 58 parts, angulas and yyangulas 

The equation (i) can be written as, 

Sin prime vertical alt. = sin Sun's long.x sin max. dec. -5- sin lai. 
= sin Sun's long. X sin max. dec X radius -s- (sin lat x radius) Fi K . IV. 13 

= (sin Sun's long. X sin max. dec -s- radius) X (radius X sin lat) 

Here, it can be shown that sin Sun's long x sin max. dec - radius = sin dec, thus: 

Sin Sun's long X sin max. dec -h radius 
= sin Sun's long.x 48' 48" 120' 
= sin Sun's long,x 61/150 
= sin dc. (by IV. 16). 
Or, fromFig. 13, thus: 

In the triangle right-angled at R, rS is the Sun's long. and SR is the declination of the Sun. SrR 
is the maximum declination. By fundamental formula II, 
sin rS X sin SrR radius = sin SR. 
.-. sin Sun's long X sin max. dec radius = sin dec. 

35. G^uotedbyUtpalaonSS^.p^ 

35b. A. <=M8 l Tl<tl u H d < A.M^el^WI; U.^el tSNI 
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Now we shall show that sin prime vertical alt = sin dec X radius -h sin lat. In Fig. 12, SZD 2 is the 
prime vertical, and the part D 2 S is the altitude of the Sun S, and the sine of the altitude is to be 
found. But, sin D 2 S = Cos SZ, since D 2 Z = 90°, and SZ = 90° - D 2 S. Observe the triangle S Z NP, 
right angled at Z. Here, Z NP is the co-latitude. S NP = 90° - SS 2 , (■.• NP S 2 = 90°). 

Now, from fundamental formula i, 

cos SZ = cos S NP X radius -h cos Z NP. 

.-. sin Pv alt = cos (90° - dec) X radius cos co-lat 

= sin dec X radius sin (90° — colat) 

= sin dec X radius -r- sin lat. 

As stated earlier, the Sun crossing the prime vertical can occur, if at all, only when it is in the 
northern hemisphere, (of course for north-latitudes) and this is mentidned in the verse by uttara- 
gole. 

It should benoted that it is this sih pv. alt that is asked to be derived in IV. 32 by the statement: 
istottaragoldpakramdmsakajyam khabhdskardbhystam hrtvdksajlvaya, which can be seen by comparing 
trie work. Only, the namĕ Sama-sanku (i.e. sin pv.alt.) is not mentioned there. So, the arrangement 
would have been better if the author had first given the formula for sin pv.alt, and then given the 
time of crossing the prime vertical by either IV. 34 or IV. 32-33, and, last of all, the shadow of the 
Sun on prime vertical. But the great transcend all restriction! Or, there is plenty of all sorts of errors 
committed by scribes in this part of the text, as we have reason to think. 

g^rjT ^i|U|ijch| r irt^ f% cT(^t) ^gt^: | 
3 ^0^ < l UKlfa t%^Ttg ^<Sl l fa : || || 



Astronomer's qualifications 

36. Only he is fit to be called an expert astronomer knowing the problems 
dealing with the Sun, who can compute the time of the Sun crossing the prime 
vertical, and prove his method mathematically and graphically. 

37. Even a person with very little knowledge can, by using pieces of pot- 
sherds, and strokes tackle (by means of computation) problems like finding 
the Sun's motion in a desired number of days, given the motion is twelve rasis 
per year. 

The idea is that anybody can tackle problems depending on mere proportion. Only an expert can 
understand how to solve difficult problems like computing the time of the Sun's crossing the prime 
vertical, and prove the soundness of his method by means of graphical representations. 



36. QuotedbyUtpalaon5S2,p.42 
a. A.^I^ 
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Gnomonic shadow and the prime vertical 

38. On a circle with the east-west line drawn, and the directions marked, 
(according to IV. 19), the time when the gnomonic shadow perfectly coin- 
cides with the east-west line is the time of the Sun crossing the prime vertical. 
The idea is that if this time is found by measuring instruments, compared with the computed 
time and the agreement shown, people will acquire faith in the method. 

It can be shown that when the Sun is on the prime vertical, the gnomonic shadow must be along 
the east-west Hne. The prime vertical is the vertical great circle of the sky-sphere, passmg through 
the east-west points and the zenith, and therefore the east-west line forms the mtersection of this 
yertical plane and the plane of the horizon which is horizontal. As the gnomon standing vertical 
and also the Sun on the prime vertical lie in the vertical plane, the shadow (intercepted by the hori- 
zontal plane) must also lie on the vertical plane, and therefore must fall on the east-west hne, which 
is the intersection of the two planes. 

[3Tm-f^7T] 

«M4<*fMAlsUHd1<q W^T^T^T || ^ || 

Agra : Sine amplitude 

39 Multiply the Sun's declination by the radius and divide by the sine of co- 
latitude, and find the sine (of the amplitude of the rising or setting point, 
called Agrd). At a point distant by this amount from the east-west line (accord- 
ing to the declination, north or south) the Sun rises or sets. 
Aera, (i.e. sine amplitude) = sin dec X radius -h sin colat. Find the arc of this sine. By an angle 
equal to this from the east to west point does the Sun rise or set on the honzon. 

Etampk 14. The htitude ofapk.ce is 60°. The lon&tude ofthe Sun is rasi 4-0. Frnd the direcUon of™n g 
or setting of the Sun. 

Pirst, sin declination is to be found. As the Sun is in the second quadrant, Sin raA 4-0 = Sin rast 
2-0 = 103' 55". Sin dec = 103' 55" X 61/150 = 42' 15", and this declmation is north. 
Sin amplitude = 42' 15" X 120' -s- sin (90° - 60°) 
= 42' 15" x 120' x 60' = 84' 30". 
= 84' 30". 

38. QuotedbyUtpalaon5S2,p.41. D.*l* 

38a. A.fRlftflrt d Al ^TM; corrected toH#* I 

c. A."?T|: 
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The arc of 84' 30" is 44° 46'. Therefore the Sun rises at a point 44° 46' north of the east point, 
and sets at a point 44° 46" north of the west point, (assuming that the declination has not changed). 

The formula for amplitude is got thus: See Fig. 12. Take Sj as the Sun on the diurnal circle north 
of equator. Then S,S 2 is the declination of the Sun, D,D 2 is the amplitude of sunrise. From the 
figure it can be seen, DjD 2 = 90° - ND, Therefore sin DiD 2 = Cos ND t . From the right angled 
triangle ND NP in the figure, Cos ND can be got thus: By the fundamental formula I, 

Cos ND, = 120' X Cos D, NP + Cos N NP. 

But, Cos D f NP = Cos S t NP = Cos (90° - S,S 2 ) = sin S,S 2 
= sin S,S 2 

Cos N NP = sin (90° - N NP) = sin colat. 
.-. Sin amplitude = 120' X sin dec -r- sin colat. 

When the Sun is south of the celestial equator, (e.g. S 3 in the figure), D 3 is the rising point, and 
D 2 D 3 is the amplitude. Its sine is got thus, from the triangle, D 2 D 3 E, right-angled at E. By the funda- 
mental formula II, 

Sin D 2 D 3 = sin ED 3 X radius -r- sin angle D 3 D 2 E, 
Here, ED 3 is the declination. 
D S D 2 E = 90° - ED 2 Z = 90° - lat. 

.-. sin amplitude = sin declination X radius sin (90° — lat) 
= sin dec X radius -r- sin co-lat., which is the formula given. 

'^gTĕk'^ swPh^i hm*iot [^r] (w) | 

Latitude from Agra 

40. Multiply sine declination by 1 20 and divide by^the sine of amplitude. The 
sine of co-latitude is got. Find its arc in degrees. Deduct the degrees from 90. 
The remainder are the degrees of latitude. 

Now, sin co-lat = 120' X sin dec. -h sin amplitude. 

From this, the arc, co-lat is got. 90° - colatitude = latitude, as already stated in (IV. 28). 

From the formula of the previous verse, 
Sin amp = radius X sin dec sin co-lat, 

Sin colat = radius X sin dec -5- sin amp. = 120' X sin dec -5- sin amp. 

From the amplitude of the setting Sun also, the latitude can thus be found. The amplitude can 
be marked on a circle with the directions already marked by the observation of sunrise or sunset. 

40a. A.W- A.T3fM 

b. Al.^raTT 1 ^ (A2.^?Tcorrectedto^T) 

c-d. A.^HI^^^yHIMI: 
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The sine of amplitude to be used in the formula can be got by measuring the arc of amplitude, or 
the distance of the point, from the east-west line. 

Example 15. Sine declination is 42' 15". Sine amplitude is 84' 30". Find the latitude. 

From the formula, sin. colat = 120' X 42' 15" + 84' 30" = 60'. Colatitude arc of this, i.e. 30°, 
latitude = 90° - 30° = 60°. 

[$g4>MT4KII] 
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41. To find the gnomonic shadow caused by the Sun at any time: Take the 
cara in vinddis and divide by 20. Degrees of hali-cara are obtained. Place the 
degrees in two places. Convert the time from sunrise in nadis into degrees by 
multiplying by 6. From these degrees, deduct or add the ha\f-cara degrees 
according as the sun is in the six signs beginning with Mesa or in the six signs 
beginning with Tula, respectively. 

42. Find the sine of the resulting degrees, and add or subtract this from the 
sine of the half-cara kept apart in the second place, according as the Sun is in 
the 6 signs Mesa etc, or in the six signs Tula etc. (The result is a sine. If the 
half-cara degrees cannot be deducted from the time converted into degrees, 
then simply find the sine of the degrees of sine, and take it for further work.) 

43. Multiply this sine by the sine of colatitude and the day-diameter and 
divide by 28,800. The result is sine altitude of the Sun. 



Shadow at desired time 



41-44. QuotedbyUtpalaon552,p.61. 
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44. Square this and deduct from 14,400. Take its square root, multiply this 
by twelve, and divide by sine altitude. The result is the length of the shadow 
of the twelve-digit gnomon. 

The following are the steps in the work: 

(i) Sine altitude = {sine (degrees of the + degrees of half-cara) ± sine half-cara} X sin colat X 
day-diameter + 28,800. (Here, of + or ±, the upper sign should be taken for the 6 signs Mesa etc, 
and the lower for the 6 signs Tula etc.) 

(ii) The shadow = 12 X V 14,400 - sin * altitude + sin altitude 

Emmple 16 (a). At a certain place where the sine of the co-Iatitude (i.e. cos. lat.) is 103' 55", when the Sun 
is in the 6 signs from Mesa on a particular day, the cara is 200 vinddis, and the day-diameter is 229' 51 '. Find 
the length ojthe shadow at 8 nddis from Sunrise. 

(i) Degrees of half-cara = 200 + 20 = 10°. 
Degrees of time = 8x6 = 48°. 

As the Sun is in the six signs from Mesa, deducting 10° from 48°, we get 38 . Sme 38 = 73 35 . 
The sine of the half-cara, i.e. sin 10° = 20' 50". Adding the two signs, (since the Sun is from Mesa), 
73' 35" + 20' 50" = 94' 25". 

Sine altitude = 94' 25" x 229' 51" X 103' 55" + 28,800 = 78' 19" 

(ii) Theshadow = 12 X V 14,400 - 78' 19" 2 + 78' 19" = 13 ang 56 vyag. 

Emmple 1 6 (b). At the same place, on the same dayjind the shadow at one nddi after sunrise. 

(i) The degrees of half-cara (already found) =10°. The degrees of time =1x6 = 6°. The half- 
cara degrees have to be deducted, but cannot be deducted, being greater. Therefore, taking the 
sine of the 6° alone, we have 12' 32". Sin altitude = 12' 32" x 229' 51" X 103' 55" + 22,800 = 10' 
24". 

(ii) shadow X 12 X V 14,400- 10' 24" z + 10' 24" = 137 angulas 57 vyangulas. 

But it should be mentioned here, that the author's instruction for the case when the degrees of 
half-cara cannot be deducted from the degrees of time, will give only a rough result. This will not 
matter much in places where the degrees of half-cara is small, as in India, and therefore given by 
the author. 

For correctness, the following instruction is to be followed. If the degrees of half-cara cannot be 
deducted from the degrees of time, deduct the degrees of time from the degrees of half-cara, find 
its sine, and deduct this from the sine of half-cara. This sine should be multiplied by sin colat. etc. 
and sine altitude is to be got. Because this will not produce much differences in our country, the 
author has not given this detail. (Even if the cara is 5 nddis the difference in sin alt. will be only 15'.) 
Further, the measurement of long shadows cannot be accurate, and any inaccuracy caused by the 
author's rough work will be submerged in the inaccuracy of measurement. 

44a. C.D.EHWJk1M1. 
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We have mentioned that the author's rough procedure is indicated only when the Sun is in the 
six signs from Mesa, because only then have we to deduct the degrees of half-cara, and the question, 
what is to be done when the half-cara is greater, arises. As for the subtraction of sine half-cara in the 
six signs from Tula, that will always be less, and the question cannot arise. 

TS have not understood the author here, and say something unconnected and useless. (See their 
commentary p.25, and English Translation, pp.34-35). 

The rules, (for the Sun in the northern hemisphere) can be deriyed thus: (see fig. 14.) 

N 

Z = Zenith 
P = North pole 
E = East point 
S = Sun 

DD' = Diurnal Circle 
AS = Altitude of the Sun 
ZS = zenith distance of the Sun. 
EP = Unmandalam 1 
Sin AS = Sin altitude of the Sun 
= Sankuliptds (or Maha Sahku 
or Great gnomon)/120 

By the well-known formula of the spherical triangle, 
Sin altitude of the Sun = sin AS = cos ZS 

= cos S P. cos Z P + sin S P. sin Z P. cos PZ. 

s 

Here, using the tabular sines, Fig IV 14 

sin S P = dyujydl '120 = diameter of the diurnal circle/240. 
sin Z P = sin co-latitude = lambajydl '120. 

cos S P = sin (90° - SP) = sin declination of the Sun = krdntijydl 120. 
cos Z P = sin latitude = aksajyd/120. 

cos S PZ = sin S PE = sin (D PS - D PE) = sin (degrees of the takeh time -degrees of half-cara) 

.-. Sankuliptds (i.e. Great gnomon) = sin declination X sin latitude -h 120 + day-diameter X sin 
co-latitude X sin (degrees of taken time - degrees of half-cara) -5- 28,800. 

= day-diameter X sin colatitude X {sin(degreesoftakentime-degreesofhalf-cara) + sindecli- 
nation X sin latitude x 240 -s- (day-diameter X sin colatitude)} + 28,800 

= day-diameter x sin colat. {sin (degrees of taken time - degrees of half-cara) + sin half-cara} 
- 28,800 

= rule (i) applied to Sun in the northern hemisphere. 

In the same manner, the rule can be proved for the Sun in the southern hemisphere, but here 
the degrees of half-cara is first to be added (instead of being subtracted) to the degrees of time, and 
sin half-cara is to be subtracted instead of being added, because here, S PE = D PS + D PE, and 
these changes have to be made accordingly. 
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Rule (ii) is derived from the Great gnomon thus: The radius itself being the Great hypotenuse, 
and the Great gnomon and the Great shadow (this is 120 cos altitude or 120 sin zenith distance) are 
the sides of the right angled triangle, we have: 

Great shadow = V 120 a — Great gnomon* 

Then the shadow of the 12 digit gnomon is found by the proportion: Great gnomon: Great 
shadow : : 12 digit gnomon : shadow, and we get the rule (ii), shadow = 12 X V 14,400 - Greatgnomon 2 
-j- Great gnomon. 

In this connection, it may be noted that later authors like Bhaskaracarya II give different terms 
to different sections of the work. For instance they call sin (degrees of taken time +degrees of half- 
cara) as Sutram. Sutram ± half -cara is called by them Istdntyd. They call Istdntya x day-diameter + 
240 as Istahrti. Then from htahriti the Sankulipta is obtained by the proportion: 120: sin colat :: 
Istahriti : Sankuliptd, by the similarity of the aksdksetras. 



45. Square the shadow measured in digits, add 144, and get its square root. 
Multiply this by the sine of co-latitude and by this product divide 1 ,72,800. 
The quotient is called the Tirst sine'. 

46. Now, multiply the sine of declination of the Sun by the sine of latitude 
and divide by the sine of co-latitude. (Let us call this by its actual name, the 
Earth-sine.) Place this Earth-sine in two places. In one place, subtract this from 
or add this to the Tirst sine', according as the Sun is in the northern or south- 
ern hemisphere. 

47. This result, and the Earth-sine, are each to be multiplied by 240 and 
divided by the day-diameter. These are two sines. Find the arcs of each of 
these. When the Sun is in the northern hemisphere add the two arcs. Other- 
wise subtract one from the other. Divide the result by 6. The result is the time 
in nddis after sunrise. 



| >M I ^l^4ft ll -*icHH HMeh^H |] 
^R3^(fe)^t(^) (fa) ^c^WratelT || ^ 
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Time after sunrise 



45c. A.^S. A.gfrs3$ C.gfr3t:; D.g#5 
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c. A.t^m 

d. A.^NI^N ^cl 
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The following are the steps in the work to be done: 

(i) The Tirst sine' = 1 ,72,800 + (sin colatitude x Vl44 + shadow 2 

(ii) The Earth-sine (which is to be placed in two places) = sin latitude x sin declination + sin co- 
latitude. 

(iii) sine I = (Tirst sine' + Earth-sine) X 240 + day-diameter 

(iv) sine II = Earth-sine X 240 + day-diameter. 

(v) Find arc I and arc II of sin I and sin II 

The desired time in nadis = arc 1/6 ± arc II/6. In (iii) and (v) the upper sign is to be taken for the 
Sun in the six signs from Aries, i.e. for the Sun in the northern hemisphere; otherwise the lower 
sign is to be taken. 

It must be added here, m accordance with what was said in the sarrie context in getting the 
shadow from the time, that if the Tirst sine' is less than the Earth-sine and therefore the Earth-sine 
cannot be deducted in (iii), the Tirst sine' is to be deducted from the Earth-sine, and the result, i.e. 
sine I, is to taken as negative. Then in (v) the nddis got from this, viz. arc 1/6, are also negative, and 
therefore deducted from arc II/6, to get the time. Here too, if the latitude of the place is not too 
high, the reverse of the author's method in the context can be used without any appreciable error, 
though this has not been mentioned here by the author. This is the work to be done: Here the 
Earth-sine is greater than the Tirst sine'; omit the Earth-sine and do (iii) and (v) with the Tirst sine' 
alone, i.e. multiply the Tirst sine' by 240, divide by the day-diameter, get the arc of this, and divide 
by 6 and thus to get the nddis after sunrise. 

The following points must be noted here. In the work of computing the nddis from the shadow, 
as the exact time is not known, the exact Sun and therefrom the exact declination cannot be known, 
and we have to use the declination of the Sun at sunrise or sunset. There may be a small error on 
account of this. This can be avoided by repeating the work using the declination of the Sun for the 
computed time. It has not been specitkally mentioned by the author because this can be inferred 
by the computer. Secondly, the author has given all this for places in the northern hemisphere in 
the forenoon. For places in the southern hemisphere and the afternoon, changes haveto be made 
in the work, which have not been given by the author. It must also be noted that the ancients con- 
sidered the computation of the time from the shadow or the shadow from the time as very impor- 
tant because this was the best means available to them of knowing the times of births and muhurtas. 

Emmple 1 7 (a) For a place (in the northern hemisphere) sin lat. is 60' ' , and therejrom sin colat is 103' 55". 
On a particular day the sin declination is 34' 30", (the sun being in the 6 signsfrom Aries) and therefore the 
day-diameter is 229' 51". Find the time jrom sunrise if the shadow of the 12 digit gnomon is 13 ang 50 
vyangulus. 

(i) Tirstsine'= 1 ,72,800 + (103' 55" x Vl3 14/15* + 144 = 1,72,800 + (103' 55" x 18.389) = 
90' 26". 

(ii) Earth-sine = 60' x 34' 30" + 103' 55" = 19' 55" 

(iii) Sine I = (90' 26" - 19' 55") 240 + 229' 51" = 73' 38" 

(iv) Sine II = 19' 55" x 240 + 229' 51" = 20' 48" 
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38° 3' 9° 59' 

(v) Arc I = 38° 3'. Arc II = 9° 59'. The time from sunrise in nddis = — + — g— = 8 nddis. 

(Note that this work is the inverse of example 15 (a). There, 8 nddis were given, and the 
shadow 1 3 ang 56 vyang was computed. Here, for the shadow 1 3 ang 56 vyang, the nddis amounting 
to 8 have been computed). 

Emmple 17 (b) For the same place, on the same day,find the time when the shadow is 137 ang 57 vyang. 

(i) Tirstsine' = 1,72,800 + (103' 55" X V 144 + 137 57/60 2 = 12' 1". 

(ii) Earth-sine = 60' x 34' 30" + 103' 55" = 19' 55". 

(iii) Sine I = (12' 1" - 19' 55") X 240 + 229' 51" = - 8' 15" 

(iv) Sine II = 19' 55" x 240 + 229' 51" = 20' 48". 

(v) Arc I = - 3° 57', Arc II = 9° 59'. The time from sunrise = - 3° 5776 + 9° 5976 = 1 nddi. 
(Note that is the inverse of Example 15 (b). There the shadow 137 ang 57 vyang was computed for 
one nddi from sunrise. Here for the same shadow the time one nddi is computed.) 

We shall do the same by the inverse operation of the work previously given by the author: The 
'Firstsine',computedis 12' 1". The Earth-sine computed is 19' 55",andgreaterthanthe'Firstsine'. 
Therefore taking the Tirst sine' alone, 12' 1" X 240 + 229' 51" = 12' 33". The arc of this = 6° 2'. 
Dividing by 6, the time obtained is one nddi and 1/3 vinddi, and neglecting the negligible 1/3 mnddt, 
we see the same time is got. For proof of the rules here given, we shall derive these from the rules 
for the shadow given the time, as the operation is practically the inverse of the operation given 
there. In the previous work, rule (ii) gives: 

12 x V 14,400 -sin* altitude + sin altitude = shadow. 
.-. 144 X (14,400 - sin 2 alt.) = sin 2 alt. = shadow 2 . 

.-. 144 x 14,400 = sin 2 alt. X shadow 2 ± 144 sin 2 alt. = sin 2 alt. (shadow 2 + 144). 
.-. 12 X 120 = s inalt. X Vshado w z + 12T 

.-. 12 x 120 + Vshadow* + 12 z 

= sinalt. = 12 X 120 X 120 x sincolat. + (120 X sincolat. X ^shadow 2 + 12 z 

= Tirst sine' x sin colat. + 120, 

(because, 1 2 X 1 20 X 1 20 + (sin colat X Vshadow z + 12 z ) = 1 ,7 1 ,800 -r- (sin colat X Vshadow z + 12 ) 
= Tirst sine' as given). 

Similarly, in the previous rule (i), 

sin alt. = {sine (degrees of time + degrees of half-caro) ± sin half-cara} x sm colat. X day-diameter 
-=- 28,800, 

= Tirst sine' X sincolat. + 120. _ 

.-. Tirst sine' X 240 + day-diameter = {sin (degrees of time + degrees of half-cara) ± sm half- 
cara). 

.-. Tirst sine' X 240 + day-diameter + sin half-cara 
= sin (degrees of time + degrees of half-cara). 

.\ Tirst sine' x 240 -5- day-diameter q: Earth-sine X 240 day-diameter 

= "sin (degrees of dme + degrees of half-<:ara). 

.-. (Tirst sine' + earth-sine) x 240 + day-diameter 

= sin (degrees of time + degrees of half-cara) 

= sin (degrees of time after the Sun has touched the unmandala) 
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IV. 48 

From the sin degrees of time, and thence by dividing by 6, the time in nadis after the Sun has 
touched the unmandala is obtained. The addition or subtraction of the hM-cara to this gives the 
time from sunrise.to obtain which sin half-cara is got from the Earth-sme, and then its arc, vu the 
degrees of half-cara. 

0w i ^fdiM i*ngq:3n^qgff:?fri: II** II 



Time for sunset 

48 Or roughly, multiply the duration of daytime in nadis by 6, and divide by 
the shadow increased by 1 2 and decreased by the midday shadow of date. The 
time from sunrise is got in the forenoon, and the time to elapse for sunset is 
obtained in the afternoori. 
The shadows mentioned here are those of the twelve-digit gnomon and not the shadows of a 
person measured by his foot. 
The rule is the time in nddis = 6 X daytime in nddis * (shadow + 12 - mid-day shadow). 

Example 18. Given the duration ofduytime, nddis 33-20, and mid-day shadow, 2 ang 50 vyang. Find the 
time when the gnomonic shadow is 13 ang 56 vyang. 
The time = 6 X 33 1/3 - (13 14/15 +12-2 5/6) 
= 200 -5- 23 1/10 = nddis 8-37. 

The data given in the example are for the place and day in Example 16 (a), and we must get nddis 
8 as the time. But we get nddis 8-37. From this we can have an idea of the roughness of this method. 
Evidently VM wants us to use this rule if we feel that this accuracy is sufficient, for, this is easy to 
use, provided the daytime and the midday shadow are tabulated beforehand and kept ready. 

The rule may be explained in the manner we explained the similar rule with Vdsistha Siddhdnta. 
Let us assume, time = x X day-time + (shadow - mid-day shadow + y), where x and y are two con- 
stants to be determined. (The daytime occurs as a multiplier in-the rule because, other things bemg 
eoual, the time must vary with the daytime. For the deduction of the mid-day shadow from _ the 
shadow, see the explanation in the Vdsistha.) At noon the shadow is equal to the mid-day shadow 
of date, and the time is daytime/2. Therefore we have: 

x x day time -s- (mid-day shadow - mid-day shadow + y) = daytime/2. 

.-. 2x x daytime = daytime x y. 
.-. 2x = y. 

Therefore, whatever be the multiplier for the daytime, twice that is the constant additive to the 
shadow, as in the authors rule here, 6 and 1 2, respectively . Only so far can we go in the explanation 

48. QuotedbyUtpalaonBS2,p.62 

48a. A.^T^; C.D.*filWHT** C " ^ 1 ^' 

b. A.-?*«PWlt d ' A '^ : - A ^ 



122 



pancasiddhAntikA 



IV. 49 



whether actually the constants are 6 and 12, as here or 5 and 10, or some other number and double 
that, depends upon the accuracy of the result we get. 

For the matter of that there is another rule, very popular and attributed to our author himself 
in the following form: 

time = 5 x daytime + (shadow - mid-day shadow +10), given by the popular verse: 

chdya nijestd dinamadhyabhdgacchdyonitd diksahitd taydpte \ 
dine saraghne gatagamyanddih srimdn Vardho vadati syayuktyd \ \ 

Here too the shadow is that of the 12 digit gnomon. Note that the multipher here is 5, and the 
additive constant double that, viz. 10. Actually, different constants for different places, and for 
different times, even if the place is the same, may have to be used if sufficient accuracy is to be 
secured. So the average for a particular region may be used for that region in the rough rule. 

Let us now compute the constants using the data oiExample 16 (a), and examine the degree of 
accuracy of the constants 5 and 10 used in the above verse. In the example we find that the time is 
8 nddis for shadow ang 1 3-56. The daytime for the day is nd. 33-20 and mid-day shadow, ang. 2-50, 
as we have already given in Example 1 7. Using the assumed form, 

x x 33 1/3 - (13 14/15 + 2x - 2 5/6) = 8. 

x X 33 1/3 = 8(2x+ 11 1/10)= 16x + 884/5. 

17 1/3 x = 88 4/5. 

x = 88 4/5 + 17 1/3 = 444 x3 + (5 x 52) = 5 8/65. 

As 8/65 is small, x, the multiplier, may be taken as 5, and y (i.e. 2x) may be taken as 10, with tolerable 
accuracy, as VM himself seems to have done in the popular verse. Let us examine the accuracy 
given by this by working Emmple 1 7 usirig this. 

The time = 5 X 33 1/3 + (13 14/15 + 10-2 5/6) = 500 X 10 + (3 X 211) 

-nd. 7-54. Note how near this is to the correct 8 nddis, and contrast with the result of the rule 
given by the text, nd. 8-37. 

Let us once again examine the relative accuracy by computing the time sought in the example 
under IV. 41-44, from the shadow caused by the Sun on the prime vertical, at the place and time 
ofExample 16 (a). The prime vertical shadow was given as ang. 17-4. The time got there was nd. 
6-53. Using the rule of the text, time = 6 x 33 1/3 + (17 1/15 -2 5/6+ 12) = nd. 7-37, which is far 
from the correct nd. 6-53. 

Using the popular verse, 

time = 5 x 33 1/3 + (17 1/15 - 2 5/6+ 10) = nd. 6-53, agreeing exactly with the correct time. 
What are we to conclude from this? 

[niiln: 

Shadow f rom time 

49. Roughly again, the shadow can be got thus from the time: Multiply the 
daytime by 6, and divide by the time for which the shadow is sought. Add the 
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mid-day shadow to the result and deduct 12. The shadow of the gnomon, 

caused by the Sun, is got. 
This means: Shadow at any time =6 X daytime + the time taken + midday shadow - 12. 
Emmple 1 9. Given daytime = nd. 33-20, mid-day shadow = ang. 2-50, find the shadow at nd. 8-0 from 
sunrise. 

Shadow = 6 X 33 1/3 + 8 + 2 5/6 - 12 
= 25 + 2 5/6 - 12 = aiig. 15-50. 

(Actually the shadow is ang. 13-56, which can be seen from the previous examples). 

But if the constants in the popular verse, 5 and 10, are used, then the rule becomes, 
Shadow = 5 x daytime + taken time + mid-day shadow - 10. 

Using this, the shadow = 5 X 33 1/3 + 8 +2 5/6 - 10 = 20 5/6 + 25/6- 10 = ang. 13-40. 
See how close this is to the correct, 13-56. 

Beine the inverse of the operation of finding the time from the shadow, this rule can be derived 
from the previous rule, viz, 6 X daytime + (shadow - mid-day shadow + 12) = t.me in nddis. 

.-. 6 x daytime + time = shadow - mid-day shadow + 12. 

.-. shadow = 6 x daytime + time + mid-day shadow - 12, which is the present rule. 



(5)2T ^Tt [*>T]^M(^T: ) 
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Moon's shadow 

50. To compute the Moon's shadow at any time jn the night, the time atter 
sunset is to be added to the nddis from nioonrise to sunset if the Moon rises m 
the day. If the Moon rises after sunset, the time of moonrise after sunset is to 
be subtracted from the taken time. This is to be used as the time taken for 
computation, and work done as in the case of the Sun to get the Moon's 
shadow. 

The work is to be done thus: Upto the desired time after sunset, the time after moonrise is to be 
found, and this time is to take the place of the time after sunrise in the work of finding the shadow 
as in IV 41-44 So for the desired time the Moon's true declination and day-diameter have to be 
found and these are to be used in the place of the Sun*s declination and day-diameter The required 
cara etc. are to be found using these. As the nddis pertain to the solar day , they should be made lunar 
and used. The two examples given hereunder will make the work clear. The author's intention is 
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to coiwey that the inverse process of finding the time from the Moon's shadow is also to be done ^as 
from the Sun's. The time of moonrise required in this work will be given by the author m V 8- 1 U. 
The Moon's true declination has been given already in IV. 16. The proof of the work is sinular to 
that of the Sun's. It must be remembered that in getting the time from the Moon's shadow, succes- 
sive approximation has to be done, as in the case of the sun, for the same reason. 

The following should also be noted. If the desired time after sunset for which the shadow is 
sought is less than the time of moonrise after sunset, the work need not be done. Or if the moon 
sets in the night before the desired time, the work need not be done. Obviously, these should be 
examined before commencing the work. Much has to be said here, for which the reader is referred 
to works like the Siddhdnta Siromani. 

Emmple 20. The sine oflatitude ofa place is 45' 56", and thence the sine ofcoMitude 110' ^".There, on 
a partkular day the daytime is nd. 32-24. The moonrise is at nd. 27-18 after sunrise. Althat time the Moons 
true declination w 15° south. (i.e. the Moon is in the southern hemisphere). Since Moon s dechnation is31 4 
and thence the day-diameter 231 ' 50". The cara-vinddis from thesefor the day ts 132. The lunar day, i.e. the 
duration ofmoonrise to moonrise is 62 nddis. Compute the shadow caused by the M oon atnd,4-8 after sunset. 

The time to be taken for computation = the time from moonrise to the given time 

= the time from moonrise to sunset -t-the given time (after sunset) 
= nd. 32-24 -nd. 27-18 + 4-8 
= »o. 9-14. 

The Moon's cara-vinddis =132, given. 

Both should be converted to the lunar measure. 

For 62 nddis there is one lunar day, i.e. 60 lunar nddis; so for nd. 9-14, there are 9-14 x 60/62 = 
8-56 lunar nddis. 
Converting into degrees, we have (8-56) X 6 = 53° 36'. 
Similarly, the cara-vinddis made lunar = 132 X 60/62 = 128. 
Converted into degrees, 128/20 = 6° 24'. 

Now, using the rules of verses 40-44, 

(i) Sin altitude = {sin (53° 36' + 6° 24') - sin 6° 24')} x 23 1 ' 50» x 1 10' 52" + 28,800 (the upper 
sign is taken because the Moon is in the southern hemisphere). 

= (sin 60° - sin 6° 24') x 231' 50" x 1 10' 52" - 28,800 
= (103' 55" - 13' 23") 231' 50" x 1 10' 52" 28,800 
= 90' 32" x 231' 50" x 1 10' 52" + 28,800 
= 80' 49". 

(ii) g nomonicshadowcausedbytheMoon= 12 V 14,400 - 80' 49"' + 80' 49" = ang. lS.yyatg 
11. 

Exampk 21. For the same place and the same time ofExample 20,find the time, given the shadow caused 
by the Moon is ang. 13-11, extendmg the method ofverse 45-47 to the Moon. 

The reouired elements already given in Example 20 are: sin lat. 45' 56", sin colat. ) 10' 52", sin 
Moon's declination 3 1 ' 4", sin Moon's day-diameter 23 1 ' 50", time of moonnse nd. 27- 1 8 after sun- 
rise duration of the day nd. 32-24, and the duration of the lunar day = 62 nddis. 
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(i) Tirst sine' = 1 ,72,800 - (1 10' 52" X Vl3 11/60+ 12^) = 87' 26". 

(ii) Earth-sine = 45' 56" x 31' 4" -s- 110' 52" = 12' 52" 

(iii) Sine I = (87' 26" + 12' 52") X 240 + 231' 50" = 103' 55", (since the Moon is in the southern 
hemisphere). 

(iv) Sine II = 12' 52" X 240' + 231' 50" = 13' 23". 

(v) Arc sine I = 60°. Arc sin II = 6° 24'. The time of shadow after moonrise = (60° - 6° 24')/6 
= 53° 3676 = nd. 8-56, (Moon being in the southern hemisphere). 

This time pertains to the lunar sdvana day, and converted into ordinary (i.e. solar) sdvana, the 
time after moonrise = 8-56 X 62 -s- 60 = nd. 9-14. 
The time from sunrise = nd. 27-18 + nd. 9-14 = nd. 36-32. 
The time from sunset = nd. 36-32 - nd. 32-24 = nd. 4-8. 

The result is correct, because in Emmple 20, we took this same time and got the shadow ang. 
13-11, which we have used in this example. 

3<w*4^mM^ : jl^it^Kda^ 11 m || 

51. For the others, (i.e. for the luminaries other than the Sun and the Moon, 
viz. the star-planets) also, determining. the corresponding operations, and 
using their respective latitude and day-diameter, and getting the cara-nddis 
etc. (in terms of their respective savana days) , (not only the work of finding the 
shadow for the given time and time for the given shadow as above, but also) 
their daily risings and settings and reduction to different localities should be 
thought out and done. 
The following is the idea. The computation of the rising and setting of the Sun has been given 
already in this chapter. The Moon's rising and setting will be given below, in chapter V. Understanding 
the nature of the operation from these and taking the star-planets corrected to the different longi- 
tudes and computing their respectivesawana days and cara-vinddis, using their latitudes to get their 
true declinations and day-diameters, everything done in connection with the Sun and the Moon 
should be done in connection with the star-planets also. 

It is from this that we understand that in the work of computing the Moon's shadow we have to 
use the true declination, day-diameter, and time measured in the Moon's sdvana day, as we have 
done already. Therefore this verse may also be taken as an extension of the previous verse. 

Here TS and NP have done a lot of emendations that are unnecessary for, without those emen- 
dations we get the same idea as they have given, at such pains. 
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52. Twelve times the radius (i.e. 1440) is to be divided by the 'Shadow- 
hypotenuse', i.e. the root of the sum of the squares of the shadow and 12. This 
multiplied by sine latitude and divided by sin co-Iatitude and divided by sin 
co-latitude is called Surydgrd (otherwise well-known as Sankuagram or S"an- 
kutalam). 

53. From this Surydgrd, the sine of the Sun's declination divided by the sine 
of co-latitude (which is otherwise called Agrd) should be deducted or added, 
according as the Sun is in the six signs beginning with Aries, or the six signs 
beginning with Libra, (i.e. according as the declination is north or south). The 
result is to be multiplied by the 'Shadow-hypotenuse' and divided by the 
radius, (i.e. by 120). 

54. What is obtained are termed Koti, (or 'Perpendicular'), measured in 
digits. The root of the square of the Koti deducted from the square of the 
shadow is called Bdhu (or 'Base'.) and the Koti is to be so constructed as to be 
perpendicular to the 'Base\ (whose extension both ways is the prime vertical). 
Thus the directions are got. 



The following are the steps in the work: 

(i) Shadow hypotenuse = Yshadow* +144 

(ii) Surydgrd 12 X 120 X sin latitude -5- (shadow hypotenuse X sin colat.) 

(iii) Agrd or Amplitude = sin max. dec. of Sun X sin Sun's long. -h sin colat. = sin dec. of Sun X 
1 20 -s- sin colat. (The declination is north if the Sun is in the six signs from Aries, and south otherwise) 

52a-b. A.C.D.^lf (C.D.^H^) ^^IP^ c A.°3?=<p^ 
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(iv) (Suryagra * Agra X shadow hyp. + 120 = Terpendicular' (of +, the upper sign is for north 
declination, and the lower for south. If the 'Perpendicular' got is positive then it is north, if negative, 
south.) 

(v) ^shadow* - Perpendicular* = Base 

Here, steps (ii), (iii) and (iv) can be simplified and put in the form: 'Perpendicular' = (12 X sine 
latitude + shadow hypotenuse x sin declination) + sin colat. (of + , the upper sign is for north decli- 
nation and the lower for south. As already said, the Perpendicular obtained is north if positwe and 
south if negative. If, when the declination is north. Shadow hypotenuse x sin declination > 12 x 
sin latitude, then deduct the less from the greater and take it as negative, i.e. take the resultmg 
Perpendicular as south.) 



c 




Base 
Fig.IV. 15 



Example22. The latitude ofaplace is 30°,whence sin lat = 60' , andsincolat = 103' 55". TheSunatthe 
time oftakingtheshadow = rasi 1-15, whencesin Sun's long = 84' 51", sin declination = 48' 48" X 84' 51", 
+ 720 = 34' 30", (north, as the Sun is in the Jirst 6 signs). For this place and time if the shadow is 5 digits, 
find the direction of the shadow. 

(i) shadow hypotenuse = V5 Z + 144 =13. 

(ii) Surydgrd = 12 x 120 x 60 + (13 x 103' 55") = 63' 57".2 

(iii) Agra = 48' 48" X 84' 51" -s- 103' 55" = 34' 30" x 120 -=- 103' 55" = 39' 51".4 

(iv) 'Perpendicular' = (63' 57" - 39' 51") X 13 + 120 = ang. 2-36.6 
(The 'Perpendicular' is north, as the result is positive) 

(v) The 'Base' = V5* - (2 - 36.6)* = ang. 4-16. 

Or, using the simplified form, the Shadow-hypotenuse, 13 ang, being known, 'Perpendicular' = 
(12X60'- 13x34'30")^- 103' 55" = 271' 30" + 103' 55" = ang. 2-36.6. Then the 'Base' is caku- 
lated as done above. 

Using the 'Base' and the 'Perpendicular', the direction of the shadow is found thus graphically. 
(see Fig. 15). 
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Here AB is the 'Base' which, extended on both sides, is the prime vertical. AC is the 'Perpendicular', 
extending northwards from AB that lies east-west. Angle CAB = 90°. BC is the shadow, and angle 
ABC is the angle made by the shadow with the east-west line. The direction of the sun is the line 
CB extended backwards, making the same angle with AB extended. 

Example23. Forthesameplaceandthesameday,findthe Suh'sdirection, whentheshadowisahg. 27-30. 

(i) Shadow hypotenuse = i27 l /2 2 + 144 = ahg. 30 

(ii) Suryagra = 12 x 120 X 60 -s- (30 X 103' 55") = 27' 42".8 

(iii) Agrd = 39' 51 "A, found in example 22. 

(iv) 'Perpendicular' = (27' 42".8 - 39' 51".4) X 30 -120 

= ahg. - 3-2, i.e. ahg. 3-2. southward. (Or, which is the same, deducting 27' 42".8 from 39' 
51".4, anddoingthe workwith theremainder 12' 8".6,theperpendicularobtained isahg. 3-2, 
negative and .-. southward). 

(v) 'Base' = \I27V? 1 - 3 1/30' = ahg. 27-20. 

Or, by the simplified formula, 

'Perpendicular' = (12 x 60' - 30 X 34' 30") - 103' 55" = (720' - 1035') h- 103' 55" =-315' + 
103' 55" 

= ahg. 3-2 southward. 

From the 'Perpendicular' the 'Base' is found as already done. 
The direction of the shadow is found graphically tmas: 




Fig. IV. 16 

Here, AB is the 'Base', which extended both ways, is the prime vertical. AC is the Perpendicular, 
directed southwards. BC is the shadow. Angle ABC is the direction of shadow. At an equal angle 
to the east-west on the opposite side is the Sun. 

Example 24. Sin lat of place = 72' , whence sin colat = 96'. The longitude of the Sun = rdsi. ll-0,jrom 
which sin longitude of the Sun = 60', and thence sin decl = 24 ' 24", south, since the Sun is within the six signs 
from Libra. Find the direction when the shadow is ahg. 27-30. 

(i) Shadow-hypotenuse = VI 44 + 27 W = ahg. 30. 

(ii) Suryagrd = 12 X 120 x 72' -s- (96 x 30) = 36'. 
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(iii) Agra = 48' 48" X 60 + 96' = 30' 30". 

(iv) The Sun being in the six signs from Libra, 'Perpendicular' = (36' + 30' 30") X 30 120' = 
ang. 16-37.5 north. 

(v) 'Base' = V27Vfe* - 16%* = ang. 21-54. 
Or by the simplified formula, 

Perpendicular = (12 x 72' + 30 X 24' 24")/96 = ang. 16-37.5. (+ is taken, as the declination is 
south). 

From this the 'Base' is calculated to be ang. 21-54 as before. 
The direction is graphically represented thus: 



Perp. 




Fig. IV. 17 



Here too, the angle of shadow is ABC, and the direction of the Sun is opposite to the shadow, 
making the same angle. 
We shall now prove the steps, taking them one by one: 

(i) Shadow-Hypotenuse: In the right angled triangle having the shadow as base and the 
twelve digit gnomon as perpendicular, the shadow-hypotenuse is the hypotenuse. Hence by the 
well-known formula, base 2 + perpendicular 2 = hypotenuse 2 , Vshadow< + gnomon = shadow- 
hy potenuse. As the gnomon is 1 2 a nsulas and the sh adow too is measured in ahgulas, the shadow- 
hypotenuse measured inahgulas = ^shadow* + 12 . 

(ii) Suryaera: This is the distance between the line joining the rising and setting points and the 
diurnal circle (see Fig. 18)."This is called sankvagra by the earlier Bhaskara I and his followers and 
sankutalam by the later Bhaskara II and others. 

It has been mentioned that, as seen from places on the earth other than the equator, since the circles 
on the stellar sphere are bent southwards (this is from the point of view of people in the northern 
hemisphere) the diurnal circles following these are also bent southwards. Therefore by the mtersection 
of the arcs on the stellar sphere and the celestial sphere several right angled tnangles are formed 
by their sine lengths, which triangles are called 'Latitude-caused tnangles (Aksaksetras) From the 
similarity of these triangles, when the length elements of one are known the corresponchng length 
elements of another may be calculated by the rule of proportion. Among these two similar tnangles 
answer to our need, in one, which is well-known, sin lat is the base, sin colat is the perpendicular, and 
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the radius is the hypotenuse; and in the other Surydgrd (i.e. iankutalam) is the base, the Great gnomon 
is the perpendicular and what is called Taddhrti is the hypotenuse ( Vide Sid. Siromani, Gola, Triprasna 
49). Therefore, when sin lat, sin colat, and the Great gnomon are known Surydgrd can be calculated 
by the proportion: 

Sin colat: sin lat :: Great gnomon: Surydgrd. 

Surydgrd = Great gnomon x sin lat sin colat. 

The Great gnomon can be found from the similarity of the two triangles, in one of which the 
shadow is the base, the twelve-digit gnomon is the perpendicular and the shadow-hypotenuse is the 
hypotenuse, and in the other sin zenith distance is the base, the Great gnomon is the perpendicular, 
and the radius is the hypotenuse. 

Therefore by the proportion: jshadow-hypotenuse : 12 :: radius : Great gnomon, the Great gno- 
mon = 12 x 120' + shadow-hypotenuse. 

Hence by substituting we get, Surydgrd = 12 X 120' X sin lat ■*■ (shadow-hypotenuse x sin colat). 
Since the celestial sphere is bent southward, Suryagrd is really south, permanently, (from the point 
of view of a man in the northern hemisphere, as we have already said). But here, as we are dealing 
not with the Sun but with the shadow, which is opposite to the Sun, we have taken the Surydgrd as 
always north. We shall illustrate these things by Fig. 18. 

We have mentioned that for observers in the northern hemisphere the diurnal circles bend 
southward, resulting in the 'southing' of the celestial bodies, because of the southward bend of the 
stellar sphere. As the shadow moves in the direction opposite to the Sun, the tip of the shadow 
moves in circles bent northwards, like I, II, III, in the Fig. Also, it should be remembered, as we are 
depicting the shadows in the Fig, the direction of Agrd and Surydgrd are reversed. 




Fig.IV.18. 
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I: The circle on which the tip of the shadow moves on a day when the Sun is in the southern 
hemisphere. 

II: The circle on which the tip of the shadow moves on a day when the Sun is on the equator. 
III: The circle on which the tip of the shadow moves on a day when the Sun is in the northern 
hemisphere. 

A, B = rising and setting points of the Sun, on the day related to I. 

C, D = rising and setting points of the Sun on the day related to II, and E, F, related to III. 

AB, CD, and EF are the lines joining the respective rising and setting points and are parallel to 
one another. 

With reference to I, (i.e. for a day when the Sun is in the southern hemisphere), GA = HJ = Agrd 
(directed northward), JK = Surydgrd (directed northward) and HK = Agra + Surydgra, from which 
it is obvious that the Perpendicular is also directed northward. 

With reference to II, (i.e. for a day when the Sun is on the equator), the Sun rises at C itself and 
sets at D itself, and therefore the Agrd is zero. LM is the Surydgra (directed northward) and the 'Per- 
pendicular' = Surydgrd + Agrd, is also LM. 

With reference to III, (i.e. for a day when the Sun is in the northern hemisphere), Agrd = QP = 
NO (directed southward) and PR or OS is the Surydgrd (directed north). At a time sufficiently near 
sunrise or sunset, for which OS is the Surydgrd, the Perpendicular is NS (directed southward). This 
is the case where Agrd is deductive but numerically greater than the Surydgra. At a time sufficiently 
near noon, for which PR is the Suryagra, the Perpendicular is QR got by PR — PQ QP being 
numerically less than PR. 

(iii) Agra: This is the amplitude, and forms the distance between the parallel lines constituting 
the prime vertical and the line joining the rising and setting points. This is also the sine of the angles 
of the rising and setting points made from the East or West points, respectively. The author has 
given the formula for this in V. 39, without mentioning its name Agrd, as also here without men- 
tioning its name. The derivation of the formula has been given by us there. When the Sun is in the 
northern hemisphere, this is north, and when in the southern, it is south. But here, as we are 
dealing with the shadow, we have reversed the directions. 

One thing must be mentioned in this connection: TS and NP interpret the Word Suryagrd as Agrd 
or 'Sine of the amplitude of the Sun', evidently assuming the derivation suryasya agrd = Suryagra, 
i.e. Agrd itself, because the context is the Sun here. As for Surydgrd itself, they simply call it 'a sine'. 
They have failed to notice that if taken thus, the formula for getting them would become wrong. 
Even if somehow, by changing the order of words in the sentence, we make the formulae agree in 
this work, in the next work of getting the sun from the direction of the shadow, it would be impossible 
to secure agreement between the words there. But we must mention here that in the Mahdbhdskariya, 
Agrd is termed 'Arkdgrd', evidently by the derivation, arhasya agrd arkdgrd. Surydgrd is there called 
$aftkvagra, as we have already said. (Vide Mahdbhdskariya, III. 53-54). But here we have no choice 
except to go by the text. 

(iv) Perpendicular: From what we have already said, and from the Fig. 18, it can readily be 
seen that (Surydgrd + Agra) is the distance between the Prime vertical and the tip of the Great 
shadow. This is called 'Bhuja' by other authors. The Bhuja corresponding to the shadow is got from 
this by the proportion, 
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Radius: 'Bhuja' :: shadow-hypotenuse : shadow-BAu/a, So we have, 
(Suryagrd ± Agra) X shadow-hypotenuse 120 = shadow 

Our author calls this Koti or 'Perpendicular', as we have already said. But this does not matter, 
for in a right angled triangle, with the hypotenuse given (as here the shadow), the other two sides 
are perpendicular to each other, and any one may be taken as the base, and the other as the perpen- 
dicular. 

(v) Base: When the 'Perpendicular' is got from the well-known formula of the right angled 
triangle, Base 2 + Perpendicular 2 = hypo tenuse 2 , (the shadow being the hypotenuse here,) we 
have, 'Base' = Vshadow y - Perpendicular 2 . Since the Perpendicular is north-south, the 'Base' is 
east-west, and is a part of the east-west line, as the foot of the shadow is on the east-west line. Since 
the east-west line is known, we can lay the 'Base' on it, lay the 'Perpendicular', at right angle, and 
draw the shadow. Clearly, if initially we have the shadow marked on the ground, we can get the 
directions by using this method. The angle between the shadow and the base gives the direction of 
the shadow. Obviously the direction of the Sun is given by the equal angle vertically opposite. 

What has been said here for the shadow may be said for the sun without reversing the direction 
as we have done for the sake of the shadow, and the Sun's direction can be got. From that the direc- 
tion of the shadow may be got as being vertically opposite. But it is clear that the author says every- 
thing here for the shadow, and not for the Sun. 

(%n)^nebigw1otif (<!#)$*: \ 

fgfy$R "ferf«RT *rfoy|: || || 

Sun from Shadow 

55. (Explanatory translation): By a process reverse to the previous one, the 
longitude of the Sun can be computed from the shadow, thus: Take the dis- 
tance of the tip of the shadow in arigulas, from the east-west line, multiply it 
by 120' , and divide by the arigulas of the shadow hypotenuse (mentioned in 
the previous work). This is 'the sine'. (It may be seen that this is the Surydgra 
+ Agra, of the previous work). If the shadow is north of the east-west line then 
'the sine' also is north. If the shadow is south, 'the sine' is south. Compute the 
Surydgrd as given already in the previous work. This is to be taken as always 
north (as already mentioned). If 'the sine' and Surydgra are of different direc- 
tions, then 'the sine' plus Surydgrd is Agrd. (It must be remembered that they 
will be of different directions only when the Sun is in the northern hemis- 
phere, i.e. within the six signs from Aries). If they are of the same direction, 
then the Agrd is one deducted from the other. (If 'the sine' is greater, then the 
Sun is in the southern hemisphere, i.e. within the six signs from Libra. If 
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Suryagra is greater, then the Sun is in the northern hemisphere, i.e. in the six 
signs from Aries). 

56. The Agrd thus got multiplied by the sine of colatkude, and divided by 48' 
48" is the sine of the Sun's longitude and from that the sun is obtained. (From 
this sine, first the degrees of Bhuja, D, is got. If the Sun is in the northern 
hemisphere, then the Sun's longitude is D, or (six signs - D). If the Sun is in 
southern hemisphere, the Sun's longitude is six signs + D, or (twelve signs - 
D). What exactly it is of the diad must be determined by the Sun's ayana). 
(Following the method for the Sun, the other grahas also can be got). 

The following are the steps in the work:- 

(i) As already seen, shadow-hypotenuse = Vshadow z +144. 

(ii) As already seen, Suryagrd = 12 X 120 X sin lat + (shadow-hypotenuse X sin colat). 

(iii) The sine' = the distance in ahgulas from the east-west line to the tip of the shadow x 1 20' 
+ shadow-hypotenuse. (If the shadow is north of the east-west line, 'the sine' is north, if the shadow 
is south of the east-west line, 'the sine' is south). 

(iv) (a) If 'the sine' is north, and greater than the Suryagra, Agrd = «the sine' - Suryagra, and the Sun 
is in the southern hemisphere. 

(b) If 'the sine' is north and less than the Suryagra, Agra = Suryagra - 'the sine', and the Sun 
is in the northern hemisphere. 

(c) If 'the sine' is south, Agra = Suryagra + 'the sine', and the Sun is in the northern hemis- 
phere. 

(v) Sine longitude of the Sun = Agrd X sin colat + 48' 48" = Agra X sin colat X 5 + 244. 

(vi) From the sine of longitude, the Bhuja degrees D, and using that the longitude of the Sun by 
examination, are to be obtained. 

As in the previous work, (iii), (iv) and (v) can be simplified thus: Sine sun's longitude = (12 x sin 
lat +sincolatx thedistan C einan^betweenthetipoftheshadowandtheeast-westline) X 150 
+ (61 X shadow hypotenuse). In ± if the shadow is south of the east-west hne then the : upper «gn 
is to be taken, andThe Sun then is in the northern hemisphere. If the shadow » north, the lower 
sign is to be taken. In this case, if 12 X sin lat is greater, the Sun is in the northern hemisphere, and 
if sin colat X distance in ang^te/is greater, the sun is in the southem hemisphere. 

Emmpk 25. Ofa certain place, sin lat = 60', sin colat = 103' 55". There on a day during Uttaraya^d 
when thelength oj the shadowis 5 angulas, the dtstunce ofthe shadow tipjrom the east-west hne is nutasured to 
be ang. 1-36.6, north ofthe east-west line. Find the longitude ofthe Sun. 
(i) Shadow-hypotenuse = V5* + 144 = 13 ang. 

55a. Al.-#«NT;A2.-*flRNr; A.D.H«qr 

d. A.^I. A2.^% c - A2 -^ 

56a. A. gWi/>WI d - A.wam 
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(ii) Surydgrd = 12 X 120' X 60' + (13 X 103' 55") = 63' 57".2 

(iii) The Sine' = ahg. 2-36.6 X 120 + 13 ahg = 24' 6". (This is north as shadow is north). 

(iv) As 'the sine' is north, the lower sign is to be used, i.e. the difference is to be found. There, 
asSMr^agraisgreater,Agra = 63' 57". 2 - 24' 6" = 39' 51"(TheSunis in the northernhemisphere). 

(v) The sine of Sun's longitude = 39' 51" X 103' 55" X 5 -5- 244 = 84' 51". 

(vi) The Bhuja degrees D = Arc of 84 ' 5 1 " — rdsi. 1-15. As the sun is in the northern hemisphere, 
the longitude isrdsi 1-15, or rdsi 6-0 — rdsi 1-15, i.e. rdsi 4-15. As the Sun is in. Uttardyana, thelongi- 
tude of the sun is rdsi 1-15. 

Using the simplilied method, and taking the lower sign since the distance is north, 
sin Sun's long = (12 ang X 60' ~ ahg 2-36.6 X 103' 55") X 150 + (61 X 13 ang.) 
= (720' - 271' 30") x 150 + (61 x 13) 

= 84' 51". (As 12 Xsin lat is greater, the sun is inthenorthernhemisphere).Therestof thework 
is the same. 

Example 26. Of a certain place, sin lat = 60', sin colat = 103' 55". On a Daksindyana day, when the 
shadow is ahg. 27-30, its tip is found to be ahg 3-2.15 south of the east-west line. Find the Sun. 

(i) Shadow-hypotenuse = Vl44 + 27 = ahg. 30. 

(ii) Surydgrd = 12 X 120' X 60' (30 X 103' 55") = 27' 42".8. 

(iii) 'The sine' = ahg. 3-2.15 x 120 + ahg. 30 = 12' 8".6 (south, as the shadow is south). 

(iv) As the sine is south, the upper sign is to be taken, and the Sun is in the northern hemisphere, 
and therefore, Agrd = 27' 42".8 -I- 12' 8".6 = 39' 51". 

(v) Sin longitude of Sun = 39' 51" X 103' 55" x5t 244' = 84' 51". 

(vi) The degrees of Bhuja — Arc 84' 51" = rdsi 1-15 

As the Sun is in the northern hemisphere, the longitude is rdsi 1 - 1 5 or rdsi 4- 1 5 . As it is Daksindyana, 
the Sun is rdsi 4-15. 

Applying the simplified method for this, as the upper sign is to be taken, since the shadow tip lies 
south of the east-west line, 

sin long = (12 X 60 + 103' 55" X 3.2) X 150 + (61 X 30) = 84' 51", and the Sun must be in the 
northern hemisphere. 

The rest of the work is the same as done already. 

Example 27. Of a certain place sin lat = 72' , and sin colat = 96'. There, on a certain day in Uttarayana, 
when the shadow is ahg. 27-30, the distance of its tipfrom the east-west line is ahg. 16-37.5 north. Find the 
Sun. 

(i) Shadow hypotenuse = V144 + 27 V2* = 30. 

(ii) Surydgrd = 12 x 120' X 72' h- (30 X 96) = 36'. 

(iii) 'The sine' = ahg. 16-37.5 X 120 h- ahg. 30 = 66' 30", (north, as the distance is north). 
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(iv) As 'the sine' is north, the difference is to be taken. As 'the sine' is greater, Agrd = 66' 30" - 
36' = 30' 30", (and the Sun is in the southern hemisphere). 

(v) Sine latitude of Sun = 30' 30" X 96 X 5 + 244 = 60'. 

(vi) The degrees oiBhuja = rdsi 1-0. As the Sun is in the southern hemisphere, the Sun is rasi 6-0 
+ rasi 1-0, i.e. rdsi 7, or rasi 12-0 -rdsi 1-0, i.e. rdsi 1 1. As it is Uttarayana, the Sun's longitude must 
be rd.l 1. 

Applying the simpliiied method, since the lower sign is to taken as the distance is north, sin long 
= (12 x 72 ~ 96 x 16-37.5) x 150 + (61 x 30). 

Here since distance x sin colat is greater, 

Sin long = (96 X 16-37.5 - 12 X 72) X 150 + (61 X 30) = 60', and the Sun must be in the south- 
ern hemisphere. 
The rest of the work is the same. 

The proof of the above rules is as follows: In the previous work, the 'Perpendicular', i.e. the dis- 
tance of the tip of the shadow from the east-west line, was calculated, given the Sun and the shadow, 
and from that the 'Base' and the direction were calculated. Here, given the distance and the 
'Perpendicular', the Sun is computed. Therefore this is the converse of the previous work, and 
can be derived from that. Steps (i) and (ii) are the same as steps (i) and (ii) of the previous work, and 
have been derived there. We shall therefore derive (iii), (iv) and (v) from (iii), (iv) and (v) there. 

In the previous work in (iv), 'Perpendicular' = (Surydgra + Agra) X shadow hypotenuse + 120. 
.-. 'The sine = (Surydgrd + Agrd) = Perpendicular X 120 + Shadow hypotenuse, as in (iii) here. 

Since, 'the sine' = (Suryagrd + Agra), when the Sun is in the northern and southern hemispheres, 
respectively, Agrd = Surydgrd — 'the sine'. It has been mentioned that Surydgrd is always north, 'the 
sine' is either south or north according to the line to the tip of the shadow from the east-west line, 
and Agrd is south if the Sun is in the northern hemisphere and vice versa. Therefore, when Agrd is 
north, (i.e. when the Sun in the southern hemisphere,) 'sine' is north, and greater than Suryagrd. 
Therefore, in using ('the sine' — Surydgrd), we get that the Sun is in the southern hemisphere. If 
Agrd is south, and therefore to be got negative by the addition of Surydgrd, (i.e. when the Sun is in 
the northern hemisphere), and 'the sine' is north, Surydgrd is greater than 'the sine'. Here we have 
to use (Surydgrd — 'the sine'), and we get that when the Sun is in the northem hemisphere. If Agrd is 
south again, (i.e. the Sun is in the northern hemisphere, again), and 'the sine' is also south, then we 
have the case, Agra = Suryagrd + 'the sine', in which case also the Sun is in the northern hemisphere. 

From the Agrd, the sine of Sun's longitude is got thus: In step (iii) of the previous work, Agrd = 
Maximum declination X sine longitude of the Sun + sin colatitude. 
.-. sin long. of the Sun = Agra X sine colatitude + max. dec. 
= Agrd sin colat + 48' 48", as we get here in step (v). 

The explanation of getting the Sun's longitude from its sine has already been given in connection 
with getting the sines for degrees (IV. 1-15). 



Another point to be noted in this connection is this: In what the author gives, there is nothing to 
y about the addition of 'the sine' and Suryagrd when they are of different directions, and therefore 
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about the Sun being in the northern hemisphere. But when they are of the same direction, and one 
is to be deducted from the other, the author mentions only the case where Surydgrd is to be 
deducted from the Sun (thereby assuming 'the sine' to be greater) the case in which the Sun is taken 
to be in the southern hemisphere. 

We have seen that when 'the sine' and Suryagrd are of the same direction, the Sun is to be taken 
as in the northern hemisphere in the case (iv) in which Suryagrd is greater, and 'the sine' is deducted 
from it. The author has omitted to mention this case. Has he forgotten it? We think not. He hopes 
that the reader himself will infer the changes to be made in this contingency, viz, that 'the sine' is 
to be deducted from Suryagrd, and as the result is to be considered negative, and as the Agrd thus got 
is negative it is to be taken as south, and as south Agrd is for the Sun in the northern hemisphere, 
the Sun in the northern hemisphere will be inferred. 

As for TS and NP, here too they-interpret Surydgrd as Agrd. They are not aware of the error that 
would be caused by this in the situation of the Sun, the hemispheres being reversed. For the matter 
of that they do not refer to the Sun's situation at all, nor to the contingency of the reversal the sub- 
tractor and the subtrahend. 

Thus ends Chapter Four entitled 'Three Problems: Time, Place and 
Direction in the Pancasiddhantika composed by Varahamihira 
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Chapter Five 



PAULlSA-SIDDHANTA — MOON'S CUSPS 

Introductory 

In this chapter the Moon's visibility after or before heliacal setting, the appearance of its horns 
at the time of visibility with its geometrical representation, and the daily nsing andsetting of the 
Moon with its time of reaching the meridian are dealt with. We can surmise that this chapter ^is a 
part of the Paulisa Siddhdnta because the things required for the computations ike the dechnation 
of the Sun and the Moon with the latitude of the Moon, are available to us only from the Pauhsa 
the Romaka and the Saura having not been dealt with as yet, and because the methods are too rough 
to be attributed to the Saura. 

Ol-sW^chMO 
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Time of Moon's visibility 

1 Find the difference in longitude of the Sun and the Moon, as also the 
difference of their declinations, (the mean declination of the Moon being 
used for this purpose). Multiply the sum of these two differences by their 
difference and find the square root of the product. By this 'square root divide 
the product of the Moon's latitude and the difference of dechnation already 
found. 

2 The 'result' is to be subtracted from the difference in longitude, if visibility 
in the west is in ouestion and the latitude and ayana (i.e. course northward or 
southward) of the Moon are of the same direction, or added to the dii lerence 
in longitude if of opposite directions. If visibility in the east is in question, 
reverse the subtraction and addition. 

1-3. QuotedbyUtpalaon.BS4.15. 
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3. In the case of the visibility pertaining to the west, if a segment equal to the 
corrected difference in longitude takes at least two nadis to rise in the east as 
reckoned by using the ascensional difference (for the place) of the seventhra« 
from the Sun, then the Moon will be visible, provided the sky is clear. In the 
case of visibility in the east, use the ascensional difference of the Sun's rasi 
itself. 

The following are the steps in the operation:- 

i. Find the difference in the longitude of the Sun and the Moon. 

ii. Find the difference of the Sun's declination, and the Moon's mean declination. 

iii. The square root = V( diff. in long. + diff. in dec.) X (diff. in long. — diff. in dec.) 

iv. Result = diff. in dec. x Moon's lat -s- the square root. 

v. Corrected diff. in long = diff. in long + result. (Of + the upper sign is to be used if visibility 
pertains to the west, and the latitude and the course of the Moon are of the same direction, or if the 
visibility pertains to the east and the latitude and course of the Moon are of different directions. 
The lower sign is to be used otherwise. 

vi. If the visibility pertains to the west, find the time of rising of an ecliptic segment equal to (v), 
by using the ascensional difference (for the place) of the seventh sign from the Sun and Moon. If 
it pertains to the east, use the ascensional difference of the Sun's rasi itself. If the time so found is 
greater than two nadis, the Moon is visible; otherwise it is not visible. 

The time that we find in (vi) is the time of Moonset after sunset in the west, and the time of moon- 
rise before sunrise in the east. The sun, Moon, declinations and latitude of these times should be 
used and the work repeated for greater accuracy. Other siddhdntas mention this, though the author 
here has not done so specihcally. Or, even before beginning the work, we can know the approximate 
times of moonset and moonrise, and do the work using the elements of these times. 

Near the time of new moon the Moon is invisible because the lighted up part is very small, and 
the sky itself is bright by the nearness of the Sun below the horizon. It has been fixed by the ancient 
authors by observation, that if the Moon sets within two nddis after sunset, or if the sun rises within 
two nddis after moonrise, the moon is not visible. (In places near the equator this criterion will be 
satished if the elongation of the Moon is in the neighbourhood of twelve degrees.) It is this we are 
hnding by the computation, and it is obvious that the nearer the time of the elements used to the 
result, the better will be the result itself. Therefore is the need for successive approximation. 

If it is only for the sheer beauty of its appearance in the sky which has been described by poets 
like Kalidasa, the first digit of the Moon is fit to be sought. But it is necessary for religious purposes 
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aJso. The Baudhayanas have to avoid Isti being performed on the day of the first appearance of the 
Moon, and do it on the previous day , and the offerings to the manes have to be done on the day pre- 
vious to the Isti. The Dharmasastras describe the seeing of the first digit of the Moon as mentonous. 
The Muslims consider their months ending with the first appearance of the Moon, and so this is 
important to them for calendrical purposes. The observance of the last digit of the Moon was neces- 
sary in ancient times, for from that they had to determine whether the same day or the next one 
would be the new moon day, so necessary for their religious rites. The importance can be guessed 
from the special names they had for the days at new moon, Sinwali and Kuhu in which the streak of 
the Moon will be visible and imdsible, respectively. 

Emmpk l.Ata certain place having lat. 30°N. emmine the insibiluy of the Moon in the evening, given, 
the Sun at sunset = rdsi 1-0, the Moon at sunset = rasi 1-15, and the Moon's latitude = 240' south. 

From the Sun and the Moon, their respective declinations are 704'N and 1004'N (mean). From 
the latitude 30°N, and Sun's declination the vinddis of ascensionat the place, of Scorpio, the seventh 
rdsi from Sun and Moon, can be calculated to be 355. From these, 

i. Diff. in long = ra. 1-15 - ra. 1-0 = ra. 0-15 = 15°. 

ii. Diff. in dec. = 1004' - 704' = 300' = 5° 

iii. The squareroot = V(15° + 5°) X (15° - 5°) = 14° 8'.4 

iv. The Result = 5° X 4° - 14° 8'.4 = 85'. 

v. Corrected diff. in long = 15° + 85' = 16° 25', (the lower sign, because the work pertains to 
the west (evening) and the Moon's latitude is south, while its ayana is north), 

vi As the work pertains to the west, the seventh rasi measure is to be used, which we have found 
to be 355 vinddis. Using this, the time taken for 16° 25' to rise is 16° 25' x 355 - 30° = 194 
mnddis. This is more than 2 nddis and so the Moon will be visible. As the time found is far above the 
requirement, we need not repeat the work using the elements of the time of moonset. 

Example 2. At a certain place (north ofthe eauator) on apartkular day in ttie evening the Sun rd 6-0. The 
Moon isra. 6-15. The Moon's latitude is 4° 40'. The equmoctial shadow ofthe place is 4 digits. Examinefor 
Moon's visibility. 

From the Sun, its declination is 0', and from the Moon its mean declination is 363' S. From the 
eauinoctial shadow and the Sun's declination, the measure of the ascension of Anes (seventh trom 
Sun and Moon, since the computation pertains to the west) can be calculated to be 228 wnadis. 
Using these, 

i. diff. in long. = rd 6-15 - ra 6-0 = 15° = 900' 

ii. diff. in dec. = 363' - 0' = 363'. 

iii. Thesquareroot = V(900' + 363') X (900' - 363 ) = 823'.5 

iv. Theresult= 363' X 280' h- 823.5 = 123'.4 

v The corrected diff. in long. = 900' - 123'.4 = 12° 56'.6 (The upper sign because, the 
work pertains to the west, and the ayana and latitude of the Moon are of the same direction.) 

vi. As the work refers to the west, using the measure of Aries, the seventh rasi from Sun and 



12 



14 o pancasiddhAntikA V. 3 

Moon, the time for a segment equal to 12° 56'.6 to rise is, 228 X 12° 56'.6 + 30 = 99 tdnddis. This 
is less than 2 nadis and so the Moon will not be visible that day. As the time got is far less than the 
requirement, repetition of the work is unnecessary. 

The steps are explained thus: 



South ^ 




Fig.V.l 



Here WD is the celestial equator. SM*C is the ecliptic and LM' is the diurnal circle of the Moon 
projected on the ecliptic. S is the Sun, M is the Moon and M' is the same projected on the ecliptic. 
MM' is the Moon's latitude. 

SM' is the difference in longitude whkh is found in step (i). WS is the Sun's declination, and DM' 
is the Moon's mean declination. 

.-. SL is the difference of the declinations, found in step (ii). Assuming the triangles as plane 
triangles, in the right angled triangle SLM', 

LM' 2 = SM' 2 - SL 2 = (SM' + SL ) (SM' - SL) 

.-. LM' = V(SM' + SL)(SM' - SL), and , , 

LM' being the square root, it is equal to V (diff. in long. + diff. in dec.) (ditt. in long - diff. in dec.).... 

(step iii) 

M'C is the result and it is found thus: 

As MM' is perpendicular to SC, triangle MM'C is right angled at M'. 
.-. angle SM'L = angle CMM' 
Therefore the two triangles are similar. 
.-. M'C/MM' = SL/LM . 
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.-. M'C = SLx MM' -i- LM', i.e. 'the result' = difference in declination x moon's latitude + 'the 
square root', (which is step iv). 
Now for the additive or subtractive nature of 'the result': 

If the Moon's ayana is northward, i.e. if the ecliptic is inclined northwards (as in fig. 1), the Moon 
having south latitude, being at the end of a perpendicular to it, is lifted up. Therefore the Moon 
projected at M' is projected at C, as it were, and the difference in longitude which is the distance 
between S and M', is increased. So, in this case, 'the result' M'C is to be added. 

Now consider the case, when the ayana does not change, but the latitude also is north, like the 
ayana, as in Fig. 2. 



South 




Now, clearly the Moon M at the end of M'M is bent downwards, with the result that M'C is deduc- 
tive in this case, as the instruction says. 

Let us next consider the case when the Moon's ayana is southward as in Fig. 3. 




Clearly in this case the Moon having north latitude is lifted up, and 'the result', CM', is additive, 
and the Moon having south latitude is depressed, and CM' is subtractive. Thus we have, for ayana 
and latitude having identical direction, 'the result' is subtractive and having different directions it 
is additive. This is for visibilitv in the west. 
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Now, for the visibility in the east: we are now looking eastward and successive points on the ecliptic 
are lower and lower towards the horizon. Therefore in figs. 1 , 2 and 3, other things being the same, 
the ecliptic alone is to be represented as being directed downwards, as in Fig. 4. 




> North 



Fig. V. 4 



Therefore, in each case taken up for consideration above, the direction of the ayana being 
changed, we see that for the ayana and tatitude having different directions, 'the result' is subtrac- 
tive, and having the same direction it is additive. Thus step (v) is explained. 

Now for step (vi). We have already said that the Moon will be visible if it does not set within two 
nadis after sunset, or if it rises before 2 nddis before sunrise. (As visibility depends actually on other 
factors like the keenness of the eyesight of the observer, we have only to take the authority of the 
Sastras in this matter). So in the evening we have to find the time by which the Moon will set after 
sunset, i.e. the segment constituting the corrected difference in longitude will set. As the distance 
between the rising and setting points in always in 6 rasis, this time is equal to that of the rising of an 
equal segment in the east, which can be calculated by using the vinadis of the ascensional difference 
of the rising sign, which being six rasis away, is the seventh from the Sun (or Moon). If this time is 
greater than 2 nddis, the Moon would not have set, and therefore be visible. In the matter of visibility 
in the east, the same explanation holds, except that now the time of rising of the segment in the east 
is wanted, using the ascensional difference of the rising sign in which the Sun (or Moon) itself is 
situated, and hence the instruction to use that sign. 

This instruction to use the ascensional difference of the same sign as the Sun in the case of visibility 
in the east is implied by the use of the word va, though not explicitly stated, and can also be inferred 
from the nature of the explanation. TS-NP do not seem to have noted the difference in the methods 
to be pursued in the operation. Another mistake they have made is that they have discarded the 
correct reading, ayandnukulaviksipte (v. 2) and chosen the incorrect reading apamdnukulaviksipte and 
accordingly, have given the condition for additiveness or subtractiveness, "If the moon's latitude is 
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of the same direction as the difference in declination etc." Declination had direction, but what 
direction can be attributed to the difference in declination as given in the text? Or how can the word 
for declination mean difference in declination? Whatever the latitude, 'the result' is zero at the 
junction of the ayanas, which means its sign, i.e. its additiveness or subtractiveness changes there, 
and therefore the ayana should be a criterion for additiveness or subtractiveness. The very name 
of this correction, Ayanadrkkarma (this name is not mentioned here by the author, but it is this) will 
suggest that the ayana of the Moon must form part of the criterion. 

Another thing must be mentioned: The work given here is very rough, because spherical tri- 
angles are taken as plane triangles, and another correction called Aksadrkkarma which is to be done 
for the sake of the latitude of the observer has been omitted. Therefore the reader should refer to 
works like the Mahabkaskariya and Siddkdnta Siromani for greater accuracy. 



il^sCc^l^^^^T^^^iw | 

^l^dT^ckr^ ĕĔoTt^ feycVshi¥ l *i II * II 
3<MMH<fa 3taT(%) chH<vj ^dlPldl | 

Diagram of the Moon's cusps 

4. Multiply the latitude of the place in degrees by two and divide by fifteen. 
By the resulting number of angulas or digits (measured along the rim), the 
northern tip of the horn of the Moon should be raised upwards (as caused by 
the latitude at the time of first visibility). This raising should be directed 
upwards like the 'Bhuja' which we are going to mention. The number of digits 
of illumination of the Moon's orb, (usually called merely digits), is the twelfth 
part of the difference in longitude in degrees, last found, and should be 
directed like 'Hypotenuse', which we are going to mention. 

5. The difference in declination last found should be added to the Moon's 
latitude or subtracted from it, as the directions of the Moon's ayana and its 
latitude be the same or different. (This refers to the visibility in the west in the 
evening. .With reference to the visibility in the east in the morning, the addi- 
tion and subtraction, is done vice versa). The result is called l Koti\ The differ- 
ence in longitude is called 'the Hypotenuse'. The '5/m/a' is the square root of 
the difference of the squares of the 'Hypotenuse' and the l Koti\ 

5a. C.D.3TJHItR. Al.iST^T; 

4-7. QuotedbyUtpalaonfi.S4.15. A2.fMrqT 

4a. A.^r#; C.U.^Pj)^; D.Tgip£ b. Al.2. Wt^; A2.^5n% U.^BPI^ 

b. A.TOf^FM?T: A.^^;C.#rcTr 

d. A.+U|Ifc*l4*i!tl: D.+«ffla«l<*Hj|: c . A. <4)^cj< 



144 



pancasiddhAntikA 



V.7 



trtTSTTcT$ir(?!T)iT: vftckr*i TOII^Wsl || V9 || 

6. The 'Koti' is to be drawn on that side of the Moon towards the Sun, north 
or south, which is got in computing it, using the scale, one ahgula = one 
degree of 'Koti'. The Bhuja and the Hypotenuse also should be drawn to the 
same scale. 

7. Thus, first there is the Hypotenuse from the centre of the Moon to that 
of the Sun. From the centre of the Sun the 'Koti' is laid in the direction com- 
puted for it. Then from its termination the 'Bhuja' is laid towards the Moon's 
centre. On the rim of the Moon represented by a circle of fifteen afigulas, the 
raising of the horn in atigulas due to the latitude of the place is to be done. At 
the centre of the two ends of the horn the illumination in digits is to be 
represented on the diameter. There the arc (forming the upper boundary of 
the illumination) is to be drawn (by making the arc pass through the two ends 
of the horn and the point in the middle to which the illumination extends). 

Though it is plain that these four verses give instructions for the graphical representation of the 
Moon at the times of visibility, (specifically its first visibility in the evening in the west), yet on 
account of possible incorrect copyings, and because we are not sure of the degree of roughness of 
the result intended by the Siddhdnta, we encounter a lot of difficulty in ordering the words and 
interpretting them. The author has not given the diameter of the Moon in angulas, which is neces- 
sary to draw the orb, and represent in it the illumination and the uplifting of the horn. But we can 
infer the diameter to be fifteen angulas thus: On Astaml, at the middle of either fortnight, when the 
hypotenuse is 90°, according to the rule for getting the illumination, we have 90/12 = 7V2 angulas 
of illumination. We know that half the Moon is illuminated then, and therefore the whole Moon 
should have a diameter of fifteen angulas, as we have stated. 

This agrees also with the 'elevation of the horn' due to the latitude, which can be shown thus: The 
line joining the tips of the horn seen horizontal by a person on the equator, is seen vertical by a 
person at the pole, i.e. at 90° latitude, because the celestial equator is inclined by 90° there, so as to 
be coincident with the horizon. As the hypotenuse at the time for which the elevation is required 
is small, we can take it that the elevation of the hora is proportionate to the degrees of latitude. 
According to the rule for e!evation given by the author, it is for 90° and 90x2-^15=12 angulas, 
along the rim of the quadrant, from the horizontal to the vertical. Therefore the whole rim, i.e. the 
circumference, is 4 X 12 = angulas and chis shows that the diameter must be 48 X 7/22 = fifteen 
angulas very nearly. This agreement in the diameter, as calculated by the two rules, itself is a criterion 
for the correctness of the rules. 

7c. A.<*r#TPT:; C.D.U.^IR 
d. D.^T^cTiTsnW 

6b. A.«^NR+fcMd*lld: A.?R3^; D.cT^ [^] ^ 
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Now we shall show why this elevation is always on the northern limb. As mentioned several times 
before,'when latitude is used in the rules given, it is always north latitude that the author means. 
As seen from north latitudes, the circles on the stellar sphere are all bent towards the south above 
the horizon. Therefore the hypotenuse also is inclined south, the angle of inclmation being equal 
to the latitude, the hypotenuse being small and taken as a straight line. By this inchnation south, 
the linejoining the tips of the horns, which is perpendicular to the Hypotenuse is elevated in the 
north and depressed in the south, the angle of elevation being equal to the latitude. This elevation, 
measured on the rim in angulas is, as we have shown, twice the latitude divided by fifteen. 

In the matter of the addition or subtraction of the difference of declination and the Moon's 
latitude, we have said that the author has in view only the visibility in the west in the evening, for 
then alone is the statement correct. Perhaps the author thinks that this is enough, because the ele- 
vation of the horn at evening appearance alone is observed anxiously by people, as an omen of 
good or evil. Or the author thinks that the readers themselves will understand the reversal of addi- 
tion and subtraction for the morning appearance, by analogy with what was done before in the case 
of visibility. It must also be noted that the object here is only to represent the orb of the Moon as it 
appears, and the Hypotenuse, Bhuja and Koti are given to serve this end. Therefore it would not 
matter if these are represented on a different scale from that on which the Moon is given, as for 
instance an angula per degree here. (On this scale the Moon will have to be represented by a dia- 
meter of a ha\(-angula.) 

There is a view that the elevation of the horns should be observed when the orb of the Moon is 
on the horizon. In that case, the Sun will be below the horizon, and the question of the difference 
in scale will not arise at all. 

So, these are the steps in the work:- 

i. The elevation of the horn due to latitude in angulas = latitude in degrees X 2 15. 

ii. Illuminationordigitof illuminationinangukw = the difference in longitude in degrees + 12. 

iii. Koti in angulas - diff. in declination in degrees ± latitude in degrees. (For evening in the west, 
if the Moon's latitude and ayana are of like direction, addition, and if of different directions, sub- 
traction. For morning in the east, reverse the addition and subtraction). 

iv. Hypotenuse = angulas equal in number to difference in longitude. 

v. Bhuja mangulas = V Hypotenuse 2 - Kot ?. 

vi. See fig. 5, below. On the surface on which the phenomenon is to be represented draw a hori- 
zontal line and mark the north and south sides on both ends. Mark the point S on it to represent 
the Sun. Mark a point A on the horizontal line on the side in which the Moon is situated, (this is 
known when finding the Koti) such that SA = Koti. From A draw a perpendicular upwards equal 
to the Bhuja and at the end mark M, the centre of the Moon. MS is the Hypotenuse. With M as 
centre draw the orb of the Moon having a diameter of 1 5 angulas. At M draw a diameter BC perpen- 
dicular to the Hypotenuse. From the northern end the diameter, say C, measure the angulas of ele- 
vation due to the latitude of the place, along the rim, and mark the point D. Draw the diameter 
DME. D and E are the tips of the horns. On the lower semicircle caused by DE, mark its mid-point, 
F. Draw the radius FM. On this mark a point G, such that FG = the angulas of illumination. Draw 
the arc DGE by the well-known method of making a circle pass through 3 points. This is the upper 
limit of the illumination. The figure of the Moon is now as it will be seen in the sky . The horizon is 
between the Sun and the Moon, parallel to the original horizontal line. Itmustbe remembered that 
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what the Siddhanta gives is only approximate, though easy to do, and fbr greater accuracy, we have 
to do a lot of work like calculating the Great gnomons of the Moon and the Sun etc. 

Example 3. Represent graphically the Moon of example 1 . There, we are given, latitude of the place = 30° N, 
the Moon's ayana is northward, and its latitude 4°S, and we get the difference in longitude = 15°, and the 
difference in declination = 5°. 




S A 



Fig. V. 5 

From the data given above: 

i. The angulas of elevation due to the latitude of the plane = 30x2-^-15 = 4. 

ii. Angulas of illumination = 15 -5- 12 = 1V4. 

iii. Koti = 5° - 4° = 1°, and .-. 1 ang., the Sun being to the south, (because it is evening observa- 
tion, and Moon's ayana and lat. are of diff. direction). 

iv. Hypotenuse = 15 angulas. 

v. Bhuja = V 225-1 = nearly 15 angulas. 

vi. Representation: Fig. 5: (Scale 1' unit = 6ang\) 

It shouid be remembered that the fig. is intended only for the appearance of the Moon, with the 
illumination, and elevation of the horns represented on it, and none else. The line DGEFD is the 
part illuminated, D and E being the tips of the horns. Actually the Sun is down, on the line MF. 
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Now for the readings: As the elevation due to the latitude of the place is considerable, it cannot 
be neglected and must be represented; therefore we have corrected dviguneche tithyamsa into 
dvigune'ksetithyamsa, by changingc/io mlo ksa. ButTS have adopted the readmgd^igunecchdtithyamsa 
and considering it a combination of dvigunecchd and atithyamsa thinlcing that the subject matter is 
astrological, (which is obviously unlikely). 

We have corrected paridhdvaksondmah into paridhdvaksonndmah, for the instruction to apply the 
elevation due to the latitude must be given. But TS and NP take the reading as it is, and say that 
something on the rim of the Moon is named aksa, which is purposeless. Their readmgs themseWes 
in these two cases are from their own edition of Bhattotplalas commentary on the Brhatsarmhita and 
to say that their (TS's) readings agree with those of the Bhattotpala may be improper, for probably 
they have themselves put the readings there. 



zm?i^StaTfg^(^)^^ I 

3s£?rftrct^fe ajrit faM4*wwM4 || c \\ 

Daily rising and setting of the Moon 

8 Multiply the Moon's latitude in degrees by the equinoctial shadow and 
divide by twelve. Add the resulting degrees to the longitude of the Moon, or 
subtract from it, according as the Moon's latitude is south or north, if the 
times of daily moonrise is to be computed. If the times of daily moonset is to 
be found, reverse the addition and subtraction, i.e. subtract and add, respec- 
tively. 

9 Subtract the longitude of the Sun from that of the Moon corrected thus^ 
Find the time for this segment of the ecliptic to rise, after sunrise. By so much 
time after sunrise, the Moon will rise. If this segment is less than smrasis, then 
the moonrise will fall in the day-time, if greater, the moon will nse at mght. 



8-10. QuotedbyUtpalaonflS4.15. 
8b. A.°Hf**ira^; C.f5^ira^ 

A. jSkchIW ; D.^wwn:; u." 
d. u.Nm4wh<j i 



9a-b. A.°M*r«ll&iHl 

b. C .N^HI :; D.t^. A.^tW^T 

c. A.^&1 

B 1 .2.3. Commence again from 
after the big gap which 

commenced at IV. 20. 
d. Att. B3."*rorifc* 
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10. In the manner given (in verse 8), correct the Moon for moonset, deduct 
the Sun from this corrected Moon, and deduct 6 rdsis from the remainder. 
Find the time by which the remaining segment will rise, after sunrise. This is 
the time from sunrise when the Moon will set. At the time exactly midway bet- 
ween moonrise and moonset, the Moon will reach the meridian, (i.e. will be at 
upper culmination). 



The following is the work to be done: 

i. The correction (for latitudĕ) = thĕ Moon's latitude X the equinoctial shadow + 12 (This is 
known as Aksadrkkarma). 

ii. This correction is to be applied to the true Moon. Corrected Moon = True Moon + Correction. 
(If the time of moonrise is to be found, then the correction is subtractive if the Moon's latitude is 
north, and additive if it is south. If moonset is wanted, if the Moon's latitude is south, the correction 
is subtractive, if north it is additive). 

iii. The time of moonrise is found thus: The corrected Moon — True Sun = elongation. The time 
of rise of the segment of elongation from sunrise is the tirne of moonrise. (In other words, the 
corrected Moon's position on the ecliptic being known, the time when that point rises is the time 
of moonrise). When the elongation is less than 6 rdsis, moonrise is in the day-time, otherwise at 
night. 

iv. The time of moonset is found thus: Corrected Moon — Sun = elongation. The time of rise 
of (the segment of elongation — 6 rdsis) from sunrise, is the time of moonset. (In other words, the 
time of rising of the point diametrically opposite to corrected Moon is the time of moonset). Here, 
if the elongation is less than 6 rdsis, then the moonset is in the night, and if greater, it is in the day- 
time. 

v. Moonrise to moonset is the moon-day-time. It is obvious that at the middle of its day time it 
is on the meridian. 

It is obvious that the times of rising and setting will be correct if the longitudes and Moon's 
latitude of those times are used. But as the computation as done here is only approximate, we can 
guess the approximate times of moonrise and moonset for the day from the tithi of the day, and use 
the elements of those times, to get tolerably accurate times. 

Etcample 4. The equinoctial shadow for a certain place (in the northern hemisphere) is 4 angulas. The ascen- 
sional differences for the place are for Aries 236 vinddis, Taurus 265, Gemini 309, Cancer 337, Leo 333, 



lOa. A.sP&t; B.<r4t. A.B.^ 
b. A.B.C.D. U.*T*; (B2.sq*) ^Mt^T 



d. B3.^f?TandC.D.ftf7Tfor?lf7r 
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Vi™ 320, Libra 320, Scorpto 330, Sagittarius 337, Capncorn 309, Aquanus 265, andPv>ces 236. There 
onacertarn day, the true lonptude ofthe Moon at sunnse is ra, 1-18, the trueSunis rd. 10-3, ^SunM^ 
motion is 60', the Moons daUy motion rs 840', the latitude ofthe Moon is 272' S, and its motion P er day 8 
S. Find the moonrise, moonset and upper culmination. 

ThedistanceoftheMoonfromtheSun = ra. 1-18-nS. 10-3 = m. 3-15 ^equalto8%tiAi,).From 
this the approximate time of moonrise is, VM X 2 = 1 7 V, nMis. Therefore the tune of moonse t tt 
aDDroximately 1 7 V 2 + 31 = 48 >/ 2 nadis. The Sun atapprox. moonnseis ra. 10-3-18, the moon ra. 
1 22-5, and its latitude 274' S. At a PP roximate moonset, the sun is ra. 10-3-49, the Moon ra. 1-29-19, 
and its latitude 278' S. 

Using each set, the com P utation is as follows: 

i. The correction for moonrise = 274' X 4 + 12 = 91'. 
The correction for moonset = 278' X 4 -r- 12 = 93'. 

ii. The corrected Moon for moonrise = ra. 1-22-5 + 91' = ra. 1-23-36. 
The corrected moon for moonset = ra. 1-29-19 - 93' = rd. 1-27-46. 

iii. Computing Moonrise: 

Elongation = Corrected Moon - Sun = ra. 1-23-36 - ra. 10-3-18 = ra. 3-20-18. 
As this is less than six rdsis, the moonrise is in the day-time. 

The time for the seement, ro. 3-20- 1 8, to rise after sunrise is found thus: For the rest of Aquarius, 
wSi™ ^^picd by the Sun, to rise, the time taRen is 265 X 1602' . 1800' - 256^. 
For Pisces to rise, 236, for Aries 236, for the corrected Moon to nse in Taurus 265 X 1416 -1 800 
= 208 vinddis. So the total time taken is, 236 + 236 + 236 + 208 = nddts 15- 16. This ts the time of 
moonrise. 

iv. Moonset: 

Elongation = Corrected Moon - Sun 
= rd. 1-27-46 - ra. 10-3-49 = ra. 3-23-57. 

Deducting six rasis from this, we have ra. 9-23-57. 

The time for the rise of this much segment is found thus: For the rest of Aquarius to rise, the time 
taken is 265 X 1571' - 1800' = 231 vinddis. For Pisces 236, Aries 236, Taurus 265, Gemini 309, 
Cancer 337, Leo 333, Virgo 320 and Libra 320. For Scorpio to rise upto the point diametncally 
opposite to the corrected Moon, 333 X 1666' -s- 1800' = 308. Adding up, the time of moonset is 
nd. 48-15. 

This agrees with what we can infer from elongation, for the elongation found is less than 6 rdJis, 
and the moonset must be in the night. 

v The duration of the lunar day is nd. 48-15 - nd. 15-16 = na. 32-59. Half this is na. 16-30 
Adding this to moonrise, mid-moon-day, the time of upper culmination of the Moon isna. 15-16 
+ nd. 16-30 = nd 31-46, after sunrise. 

The instruction is thus explained: The problem is to find the time of rising or setting of the 
Moon, which is in its orbit, at a distance equal to its latitude from the ecliptic. If it can be projected 
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on the ecliptic in such a way that its projected position rises and sets at the same time as it itself rises 
and sets, then the time can be found like lagma, by the method given in Chap. IV for that purpose. 

In order to effect the said projection two corrections have to be applied to the Moon, one for the 
inclination of the ecliptic called Ayana-drkharma (we did this for visibility), and the other for the 
latitude of the observer called Aksa-drkkarma. The Siddhdnta gives the correction for latitude alone 
here, which is got by multiplying the latitude of the Moon by the equinoctial shadow and dividing 
by 12. 

The following is its rationals: The latitude is measured on the great circle perpendicular to the 
ecliptic and directed towards the pole of the ecliptic. If the latitude is projected on secondaries to 
the pole, and we get the true declination of the Moon by adding this to the mean declination, we 
can find its time of rising and setting directly, as we find the rising and setting of the Sun, by com- 
puting its cara etc. and getting its own ascensional differences. But if the latitude is small, it can 
roughly be taken as the correction for the Moon's mean declination, given by its longitudes. So the 
correction to the yinddis of true cara can be found by the latitude taken as part of the declination, 
by proportion from the cara-vinddis for the mean declination already used in finding the ascen- 
sional differences. Therefore, as in getting the cara-vinadis , here too we have to multiply by the 
equinoctial shadow and divide by 12. But the division by the diurnal radius is not done, because 
here we are not Finding actually the vinddis of cara, but an element of the ecliptic corresponding to 
the cara, for the sake of which we have to multiply again by the radius of the diurnal circle, and the 
two cancel out. Thus the correction will permit us to consider the Moon to be on the ecliptic. 

We shall now consider when it is additive, and when subtractive. In the northern hemisphere, the 
Unmandala is elevated above the horizon, the elevation increasing towards the north. Therefore if 
the Moon is a little to the south of the ecliptic on account of its south latitude, it rises later. As successive 
points on the ecliptic rise later and later, the correction got from the Moon's south latitude is equi- 
valent to an increase in the Moon's longitude, and so the correction to the longitude is additive. 
From this we can see why the correction is subtractive if the Moon's latitude is north. As for the time 
of the setting of the Moon, the further north a body is, the later it sets, and therefore the correction 
is additive if the latitude is north, from which we see it is subtractive if the latitude is south. The 
Siddhdnta has in view only observers in the northern hemisphere, as we have already said. We have 
already drawn the attention of the reader to the omission of the correction due to the inclination 
of the ecliptic (Ayana-drkkarma). It may be that the author expects us to make this correction also, 
taking the hint from the computation of the heliacal rising of the Moon (visibility). 

The part of the instruction to Find the time when the corrected Moon rises is explained thus: The 
corrected Moon minus Sun is the segment of the ecliptic between them, and the time taken for its 
rise after sunrise is the time of the rise of the corrected Moon itself. If this segment is less than six 
rdsis, the Moon must rise in the day-time, because just after the rise of six rdsis from sunrise the sun 
sets, but this segment is less. Clearly, if it is more than six rdsis the Sun has set, and it is night when 
the Moon rises. As for moonset, the point of the corrected Maonplus (or minus) six rdsis rises at that 
time. So, the time of its rise, or which is the same, the time taken by the corrected Moon minus Sun 
± six rdsis, after sunrise is the time. Of ±, the author has chosen minus, because the effect of both 
is the same. By analogy with mid-day Sun, the Moon is on the meridian at the middle of its day-time, 
provided its motion and change of declination is tolerably uniform. We must add here that it would 
have been sufficient if the author had said, 'Treat the corrected moon as Lagna, and its time of rise 
is the time of moonrise. Treat the corrected Moon plus (or minus) six rdsis as Lagna, and its time of 
rise is the time of moonset'. 
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Now for the readings: In verse ten if the meaning is taken as it is, then we shall be getting the time 
of sunset after moonrise, which serves no purpose and cannot be the intention of the author to get, 
and it is incompatible with the time of the meridian Moon sought to be foundm the fourth f oot . 
This is the middle of the Moon's day-time and for this, moonset has to be found. (TS and NP too inter- 
pret this verse as giving moonset). Therefore we have corrected vyarkam candram visodhya cakrardhat 
into vyarkat candrdt msodhya cakrdrdham, by interchanging the case endings, and thus got the tirne 
of moonset, required for meridian Moon. The reading mesoaayakdla for sesodayakala has been dis- 
carded as being unconnected with the problem. 

TS and NP have given the impossible correction, msi dwasestam sasi yati for sasidwasdrdlie 
saslmadhya found in the manuscripts. Their aim, viz. to get the time of moonset, .s all nght but their 
interpretation of the stan Z a to get this is wrong, and also self-contradictory. See the Sansknt com- 
mentary for the said interpretation: 'Deduct the Moon mrnus Sun from 6 rdsis; the time of the ns.ng 
of this is the time of moonset, reckoned from sunrise. Here, if the Moon sets m the day-ume then 
Moon-minus-Sun must be deducted from Grdsis. If in the night, the Moon rtself » tobe deducted 
from 6 rdsis. This order of procedure should be understood.' If their instruction m the first sen- 
tence is followed, the time of sunset after moonrise will be got, as we have already said, but not the 
time of moonset. It is to avoid this that we interchanged the case endings. As for the .nstruct.on in 
the second sentence, the f.rst part of it disagrees with the second part. We shall .llustrate these 
defects found in their interpretation, by applying them to two examples. 

(a) The Sun is rd. 0-15, Moon is rd. 2-0, the Moon's latitude is zero, i.e. there is no corrections. 
In this case, the moonset according to TS is to be found thus: Moon - Sun = ra. 2-0 - ra. 0-15 - 
rd 1 - 1 5 Deducting this from 6 rdsis, the remainder is rd. 4- 1 5. They say , the t.me taken for ra . 4- 15 
to rise, after sunrise, is the time of moonset after sunrise. The absurdity of th.s can be seen by find- 
ing the t.me of moonrise, which is the t.me taken by the Moon-Sun to nse, for ra 1 - 1 5 to nse; 
i /the interval between moonrise and moonset is the rising time of 3 rdsts. Or, by the instruct.on 
inthe second sentence, as the Moon does not set in the day, it sets in the n.ght, and therefore 
deducting the Moon itself from 6 rdsis, we get rd. 4-0, and they say by the t.me ofr.se of ra. 4-0 from 
sunrise the Moon sets. Does it occur in the night at all? 

Perhaps they meant sunset. Then, let us take another case. 

(b) The Sun is ra. 0-15, the Moon is rd. 8-0, and Moon's latitude is 0, again. Then, Moon - Sun 
= rd 7-15 The moonset is in the day-time, clearly. Therefore deducting this from 6 rdsis, we have 
ra 6-0-m 7-15 = m 10-15. According to them theMoon setsbythe rise of th.s segment after sun- 
rise Clearly according to this the moonset will fall in the night, and not in the day-t.me as requ.red. 
Assuming sunr.se is a mistake for sunset, reckoned from sunset also it will be wrong, for then the 
moonset will be «2.4-1 5Trom sunrise, which is wrong, for it is correctly the time of nsing of ra. 1 - 1 5 
from sunrise. This demonstration shows their interpretation to be wrong, and at the same time 
justif.es our interchanging the case-endings, by which alone the time of moonset can be got correctly . 

Thus ends Chapter Five entitled Paulisa-Siddhanta: Moon's Cusps 
in the Pancasiddhantika composed by Varahamihira 

1. Col.: A.^R# | B.C.D.^T*lRl^HH I 



Chapter Six 

(VASISTHA-) PAULlSA-SIDDHANTA: LUNAR ECLIPSE 

Introductory 

This chapter deals with the lunar eclipse. Nothing is given in the colophon at the end of the chapter 
about the Siddhanta to which this belongs. This cannot belong to the Saura for the lunar eclipse of 
the Saura is dealt with in Chapter X. The Sun, Moon and Rahu of the Romaka are given in Chapter 
VIII, and in the same chapter the solar eclipse according to that Siddhdnta occurs, and its lunar 
eclipse cannot be given here, earlier. Also, the method here does not have the refinement of the 
Romaka solar eclipse. So this chapter cannot belong to the Romaka. That it may belong to the 
Paitamaka is out of question, since only the mean Sun and the Moon, and that very crudely, being 
given by the Paitdmaha, and Rahu is not given. Also, the Siddhdnta occupies a later chapter, the 
twelfth. This leaves the Ydsistha and the Paulisa for consideration. Perhaps it belongs to both com- 
bined, as we have observed in the case of their Moon and its daily motion. It cannot belong to the 
Vasistha separately for the Vasistha does not give Rahu, which we have to get from the Paulisa. Also, 
it cannot belong to Paulisa separately, for then at least part of the computation, like the duration 
of the eclipse will become redundant, because the duration of the lunar eclipse with its limits occurs 
in chapter VII also, together with the computation of the solar eclipse, which from the colophon 
and from the nature of the method given, must belong to the Paulisa. Also, details usually given in 
connection with eclipses, like the direction of contacts, colour etc. are found only here in the VI 
chapter. Therefore we can conclude that chapters VI and VII belong both to the Vdsistha and the 
Paulisa, and that the solar eclipse in the VII chapter belongs to the Paulisa. 

^(^T) f^R1^5%^qT(S!^) ^^(^)^TT^ | 
(l^teonST) #«n: H ^frr dc*MVlf¥lldkl: || * || 

Sun and Moon of equal longitude 

1 . Minutes of arc equal to the nddis of the full moon-tithi to go, after sunset, 
are to be added to the Sun, (which has been computed for sunset). Minutes of 
arc equal to the nadis to go from the end of the full moon or new moon-tithi 
in the day-time upto sunset are to be so added to the Sun. Thus corrected, the 
Sun becomes equal to the Moon in (degrees and) minutes at the end of the full 
or new moon-tithi, (i.e. at full or new moon). 

The idea is that by thus finding the Sun, we can, without any trouble, get the Moon, for, if new 
moon, the Sun thus got is the Moon and, if full moon, the Sun plus 6 rdsis is the Moon. 
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The following is the rationale of the work: The lunar eclipse occurs at the end of full moon-WAi. 
At that time, the Sun and the Moon are separated from each other exactly by 6 rasis. Therefore the 
degrees and minutes or, which is the same, the total minutes left over after finding the rasis at 1 800 
minutes a rdsi, are the same for both. Therefore they are called sama-liptas , i.e. 'having equal 
minutes'. The solar eclipse is at the end of the new moon-tithi, at which time they are the same even 
in rdsi, not to speak of the degrees and minutes, and therefore samaliptas. So, if we know the Sun at 
these times, we know the Moon, for, if new moon, they are the same, and if full moon, different by 
6 rdsis. 

Now, in the Paulisa the 'days from epoch' are found for sunset, and from them the Sun and the 
Moon are found for sunset first. (We have already drawn the attention of the reader to this, while 
commenting on III. 15.) Then, the ending moment of the tithi is calculated by using the difference 
of their motions. The Sun's motion is roughly one minute of arc per nddi. Therefore if one minute 
per nddi of the time from sunset to full moon (we take only the full moon because with new moon 
at night there will be no solar eclipse) is added to the sunset Sun, the Sun at full moon is got, and 
the Moon is got from it by adding 6 rasis. Thus the Moon is easily got, for otherwise we must calculate 
the Moon's motion during the interval by proportion from its daily motion, add this to the sunset 
Moon, and get the Moon. In the case when new or full moon-tithi ends in the day-time, it is obvious 
that the minutes of arc accrued during the interval up to sunset should be deducted from the sunset 
Sun, to get the Moon, as a preliminary to computing either the solar eclipse or the lunar echpse. 

The Siddhdnta is content wkh thus getting the Moon roughly, for that will be sufficient considering 
the crudeness of its method of computadon. If greater accuracy is desired, we must multiply the 
difference of the Sun's daily motion from 60 minutes of arc by the time to go or time gone, and, 
taking the product as seconds of arc, subtract or add them, respectively, to the Moon if the daily 
motion is less, and add or subtract respectively if greater. The daily motion required for this is given 
in III. 17, which we have already seen. 

TS have understood that the Moon at new or full moon is found here, but not the manner m 
which it is done so simply, for they interpret the instruction tomean that the Moon is to be got from 
its daily motion by proportion. To obtain this meaning, they make wild emendations of the words. 
But we have kept the words mostly as they are, and we can see that they are sufficient to give the 
correct idea. For example, in all the three readings, naisydh, naisndh and yaisndh (snaimdh) tnere is 
'nat' which therefore must have been in the original word. Therefore, by changing s to s, we get 
naisydh, meaning 'belonging to the night', which so well agrees with the idea. We have changed can- 
dram into cdndra for the sake of syntax and agreement with the idea. Between vi and va, we have 
introduced vi, thus reading ravi-vivardt , which is a likely haplographical omission, and get a word 
that fits so well with the idea. Taking the meaningless reading, nrvasudbhavdcca, and keeping as far 
as possible to the letters there, we have reconstructed the form as divasodbhavdcca, fitting in with the 



la. A.B2.D.^TT:; B1.3.W; B3.^T:; 
C.^^m A.B.C.D.^l^f 

b. A.^na^; B.^na^; (B2.°a^) 
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idea. NP insert vi to get the reading ravi-vivarat but leave the other errors untouched or making 
unwarranted emendations. 

Hpt^WlW: M^ I HMHM^ || 3 || 

Probability of an eclipse 

2. Deduct one degree and thirty-six minutes from Rahu's Head or Tail 
(whichever is near the Moon) and find the interval in degrees between that 
and the Moon (at full moon found above). If it is less than thirteen, a lunar 
eclipse will occur then. If it is less than fifteen, (and above thirteen), there will 
only be a slight darkening. 

The following is the explanation: At the moment when the distance between the centres of the 
Moon and the Shadow circle is equal to the sum of their semi-diameters there is the first contact or 
the last contact of the eclipse, because the rims just touch each other then. see Fig. la, below. 




The centre of the Shadow is always six rdsis distant from the Sun. At full moon (i.e. the end ofthe 
tithi) the Moon projected on the ecliptic (i.e. the longitude of the Moon) is 6 rasis distant from the 
Sun, as we have already said. Therefore the centre of the Shadow also is there. But the actuai Moon 



2a. B.-Ht)<drd+di (B2.3F?T, B3.^TCT°) 

b. A2.fH?T (Al.ll^m); B.RMWdBW* d. A.B.°^TRT:«^« (B.°tT:^°) 
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is on its orbit, at a distance equal to its latitude. Therefore only when the latitude is equal to the sum 
of the semi-diameters, is there at least a grazing of the rims 1 . (See Fig. lb) 




As according to the Paulisa the sum of the semi-diameters is always 55', (this will be shown later), 
and as this much latitude can be got only if Moon ~ Rahu is 13°, and not more 2 there can be no 
eclipse, if Moon ~ Rahu is greater than 13°. 

As for the little darkening from 1 3° to 1 5°, it is due to the Moon entering the penumbra alone and 
getting out, instead of entering the umbra. It is well-known that if the source of light is not a point, 
there is a region not so dark round the shadow, which is darker and .darker as the shadow is 
approached, and becomes sufficient to be seen. This Siddhdnta has taken this region to be about 8', 
round the shadow. Therefore, the Moon's orb will touch this region at full moon if the latitude 
is 63', and for this its distance from Rahu must be 15', as given here. 

As for deducting 1° 36' from Rahu, the author has found this is necessary by observation, and we 
have to accept it, as agreement with observation is necessary, otherwise people will lose faith in the 
Sdstra. Or the Paulisa Siddhdnta itself gives this correction for agreement with observation, for, in 
the phenomena intended to be seen, such correction is the practice of the writers of this Sastra. But 
it may be asked how this need for correction arises at all. This implies that either the longitude of 
Rahu or that of the Moon is incorrect. We showed in ch.III that at epoch Rahu-head was 235° 59' 

1 . What we have said here is a little iriexact and taken as such by most of the ancient authors. Actually , since the Moon's orbit 
is inclined 'o the ecliptic by about 5°, the minimum distance between the Moon and the Shadow, given by SM', the perpen- 
dicular on the orbit from S, "is a little less than SM, and it is only when SM' is equal to the semi-diameters that the grazing 
occurs. Therefore even if the latitude at full moon is a little greater, an eclipse can occur, but this has been neglected as being 
very small, actually less than a quarter of a minute of arc. 

2. As explained by us under 111.31, taking 380' as the maximum latitude (i.e. for 90° distance), and taking the latitude as 
proportionate to the Bhuja of Moon-Rahu, as given by the siddhanta there, we get 380' X 1 3° -s- 90° = 55', for Moon ~ Rahu 
equal to 1 3°. This agreement here is the proof of the correctness of what we said above in the explanation that the latitude 
is proportionate to the degrees of Bhuja. If we take the maximum latitude to be 280', as given by the reading of the text 
there, or to be 270' as TS have taken there without assigning any reason, neither taking the latitude as proportionate to the 
degrees of Moon — Rahu, nor correctly as proportionate to sin (Moon ~ Rahu) will give 55 ' . This is the reason why TS them- 
selves have, in this section, in verse 5, abandoned both 280' and 270', and taken 240' as the maximum latitude. (vide their 
Sanskrit and English explanations under VI. 5.). 

U 
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according to the Paulisa and this agrees beautifully with its position than according to modern 
astronomy, 236°, and tolerably well with those of other Siddhantas. Therefore the incorrectness 
must be in the Moon, and as much error in the tithi is unlikely, nor in the Sun as well. On examina- 
tion we Fmd it is indeed so; we find that at the period of the author the Sun and the Moon of Paulisa 
were less by about a degree and a half, than those of other Siddhantas. By this error in the Moon, 
the value of Moon minus Rahu will be less by about a degree and a half, (1° 36') and instead of 
correcting the error by adding it to the Moon, we subtract 1° 36' from Rahu, which is the same. We 
do not add it to the Moon, because if we do, we must add the same quantity to the Sun to keep the 
tithi intact, and this will affect the Samkramanas, and thus cause a lot of disturbance. If added to 
Rahu nobody will even notice it. It may be asked whether it is not wrong to use the latitude calcu- 
lated in III. 31 from uncorrected Rahu in our work here, as we are going to do. Indeed it will be 
wrong, and that is why the author gives a correction below, in stanze 4, to set it right. 1 

TS do not understand the nature of this correction, not even its amount and its connection with 
stanza 4. Their ignorance in the matter of the computation of Rahu, which we exposed in III. 28- 
29, they exhibit here also, (see their Sanskrit Comm. page 40). 

[KguiRuiidchlH:] 

^OĕT) f§SpT fdfac|f&M^ ^M(: fe)^fcTf?T || $ || 

¥lf¥ l fdfmfocHq TCnT:) a|j><vi > HI : WS5fcTT: $NT: | 
fe(^lt) |cH»fochHrtl < | ^e)ffe T%5^gTT^T: ]|* || 

Duration of the eclipse 

3. Square the Moon's latitude, subtract it from the square of 55, (i.e. from 
3025), and find its square root. Double this, and multiplying by 60, divide by 
the difference of the daily motions of the Sun and Moon, in minutes. The 
approximate time of the duration of the eclipse is got in nadis. 

4. If Moon ~ Sun is less than 13°, multiply the degrees by 5. The result are 
vinadis. Add these yinddis to the duration if the longitude of Rahu is greater 
than that of the Moon, and subtract if the Moon is greater than Rahu. Thus 
the time of duration becomes correct. 

The following are the steps in the work: 

i. Using III. 3 1 , find the Moon's latitude, (using uncorrected Rahu). 

ii. Uncorrected time of duration in nddis = V3025 - (latitudein minutes)* x 1 20 -f- difference of 
daily motions of Sun and Moon in minutes. 
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iii. Corrected time of duration = uncorrected time ± 5 X degrees of Moon ~ Rahu in yinddis 
(If Rahu is greater use the upper sign, xf less use the lower sign. Moon ~ Rahu is what we get in 
verse 2, in this section). 

Example l.Ona day, ai sunset, the longitude of the Sun is rd. 10-10-12, longitude of the Moon rd. 4-8-57, 
Sun's daily motion 60' and Moon's daily motion 810'. (From these the end of the full moon tithi falls at 6 nddis 
after sunset). The Tail of Rdhu at full moon is rd. 4-7-42. Emmine whether a lunar eclipse will occur, and if 
so,find the duration, 

As a preliminary, the Moon at full moon should be found by verse 1 , thus: The time to elapse 
after sunset, for full moon, is 6 nddis. Adding 6' to the Sun at sunset, the Sun at futl moon is rd. 10- 
10-12 + 6' = ra. 10-10-18. Therefore the Moon isra. 4-10-18. 

Now, examine whether there will be an eclipse. Rahu at full moon = rd. 4-7-42 (given). Corrected 
Rahu = rd. 4-7-42 - 1° 36' = ra. 4-6-6. Moon ~ corrected Rahu = 4° 12'. As this is less than 13°, 
there is eclipse. 

Now for the work of getting the duration: 

i. The Moon's latitude (supposed known already) = 380' X (rd. 4-10-18 -rd. 4-7-42 indegrees) 
-90°= 11'. 

ii. Uncorrected duration in nddis = V 3025- ll 2 X 1 20 + (8 1 - 60) = V 2904 X 1 20 + 750 = nd. 
8-37. 

iii. Corrected duration = nd. 8-37 - 5 X 4.2 vinddis = nd. 8-16. (subtraction because Rahu is less 
than the Moon). 

The following is the rationale of the procedure: We have said that, according to the Siddhanta, 
when the distance between the centres of the Shadow and the Moon is 55', the eclipse begins or 
ends, because at these times the distances are equal to the sum of the semi-diameters. 




Ecliptic A 



Fig. VI. 2 

See SM, and SM 2 in Fig 2, where S is the Shadow and M,, M 2 are the Moon. At full moon, the 
latitude is the distance between the centres, at that time. (SM), because at full moon the centre of 
the shadow is at S, because it is always 6 rdsis distant from the Sun. Since the inclination of the orbit 
to the ecliptic is small, the siddhdnta takes it that the orbit and the ecliptic are practically parallel, and 
that the latitudes of the Moon at first contact (AMJ at full moon (SM), and at 3ast contact (BM ? ) are 
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equal. As the three lines of latitude are perpendicular to the ecliptic, A M, AS, and A M 2 BS , are 
equal and right angled at A and B. Therefore AS = SB = V(sum of semi-diameters) 2 — latitude 2 = 
V 5 5 2 — lat J , where AS or SB are the difference of the Moon's longitude at first or last contacts from 
its longitude at new moon, and measured in minutes of arc. As the motion of S is the same as that 
of the Sun, the time taken by the longitude to move from A to S or from S to B = the minutes of 
difference h- the difference of the motions of the Sun and the Moon in minutes = V 55* — lat 2 X 60 -h 
difference of daily motion in minutes, in nadis. Therefore the total time in nadis from A to B (this 
is the uncorrected whole duration) = 2 X 60 x V55 a — lat 2 h- the difference of daily motions in 
minutes. 

But actually the latitudes at the first and last contacts differ enough from that of the full moon 
to justify the use of their exact value. So each should be used separately, and the half-duration 
before full moon, and that after full moon should be found. Using the latitudes of these times 
again, if necessary, they should be found again. Certain Karanas (manuals) like the Vdkyakarana 
apply a certain correction in the place of this repetition of work. This correction depends upon the 
Moon ~ Rahu at full moon, like the correction in stanza 4, given by the author for correcting the 
duration, and therefore it is possible that the correction for the difference in latitude has been 
included in that correction. But as the correction given is rough, we cannot analyse it and find out 
whether the author has done so or not. 

Let us now consider the rationale of the correction in stanza 4. We have already hinted that this 
is to compensate for using the latitude got in III. 31 from uncorrected Rahu, instead of that from 
corrected Rahu, which is to be used in our work here. 




M 






Ecliptic 




1 >- 



Ml R Mis 
Ml' R' M' 



the orbit without correction for Rahu. 
the orbit with correction for Rahu. 
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In Fig. 3, R is the uncorrected position of Rahu, and R' is its corrected position. The distance 
between them is 1° 36', given in stanza 2. When the Moon is greater than Rahu, (M, M') then its 
uncorrected latitude is MB, and the corrected latitude is M'B, greater by M'M. This is case I. When 
the Moon is less than Rahu (M,, M/), then the uncorrected latitude is M,A, and the corrected 
latitude is M/A, l ess by M/ M,. This is case II. In case I, if the uncorrected latitude, which is less, is 
used in the work^SS* - lat 2 will be greater than what it should be, and the duration should be 
lessened by a correction. Therefore it is said that the correction is subtractive when the Moon is 
greater than Rahu. In case II, since the uncorrected latitude is greater, V55 2 — lat 2 will be less than 
what it should be, and so it is said that the correction is additive if the Moon is less than Rahu, i.e. 
if Rahu is greater. The Fig. is for Rahu-Head. It can be seen that at Rahu-Tail too the same holds. 
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We can show this by theoretical considerations as well, thus: Rahu lessened by 1° 36', is equiva- 
lent to Moon increased by 1° 36', in its effect on Moon - Rahu. The latitude is proportionate to the 
distance of the Moon from Rahu in each quadrant. In the first and third quadrants, the Moon is 
greater than Rahu, and the increase in the Moon by the correction increases the latitude. In the 
second and fourth quadrants, the Moon is less than Rahu, and the increase in the Moon by the 
correction lessens its distance from Rahu, with the result that the corrected latitude is less. Thus for 
Moon greater than Rahu the correct latitude is greater, and for Moon less, it is less. The rest is as 
we have shown already. 

Now we shall find the quantity of correction: As the angles at R and R' are equal, the corrected 
and the original orbits are parallel. (see the Fig.) Therefore the differences in the latitudes at any 
position like M', M,, M'M, and C R are equal. But C R, being the latitude caused by 1° 36' of 
longitude, is equal to 380' X 1° 36' -s- 90° = 6 3 A minutes of arc. Therefore the difference in any 
position is 6 3 /*'. 

We shall first see how much difference t his will prod uce in the half duration measured in minutes 
of arc. Clearly it is = V55 2 - (lat ± 6 a A)* - V55 2 - lat* 

= V55 2 - lat 2 + 13V2lat - V 55 2 - lat 2 , (if 6 3 A 2 is neglected, being small in comparison with 55 2 .) 

= V55 2 - lat 2 V 1 + 13 V 2 lat/(55 2 - lat 2 ) - V 55 2 - lat 2 

= V55 2 -lat 2 {l + 13V2 lat/2(55 2 - lat 2 )} - V55 2 - lat 2 (if higher powers of 13 V 2 lat/(55 2 - lat 2 ) 
are neglected. 

= + 13 V 2 lat/2 V55 2 - lat 2 , and the author has neglected lat 2 and taken this as + 13 V2 lat/2 X 55. 

Using the difference of the mean daily motions of the Sun and the Moon, because this will not 
matter in the already rough result, and doubling for the whole duration, the vinddis of correction 
are, 13V2 lat X 2 x 60 x 60 + (2 x 55 x 720) 

= 13 V2 X lat X 5/55 = 13 V 2 X {(Moon ~ Rf X 55/13°} X 5/55 (since lat = Moon ~ Rahu)° X 
55/13°,) 

= 5 X (Moon ~ Rahu), roughly, as given here. 

The greater the latitude, the greater the roughness, but this will be submerged in the roughness 
caused by several other things like the incorrect semi-diameters etc, but the method has the advan- 
tage of being easy to apply. 

We shall consider the readings now. In verse 3, the need for correcting mulah into mulam and 
hdlasthiteh into kalah sthiteh will be clear, as also for sthityd into sthitydm in verse 4. As for correcting 
bhdgaih into bhdgdh, this is justified by what we have shown in the explanation, viz. that it is Moon 
~ Rahu that is to be multiplied by 5 to give the vinadis of correction. If the word bhagaih, is taken 
as it is, the instruction should be taken to mean "five multiplied by the difference of Moon ~ Rahu 
and 13°. By this, the correction, instead of being zero, as it should be for zero latitude, is the 
maximum of 65 vinddis. Instead of being the maximum for maximum latitude, the correction 
becomes zero. Further, on both sides of zero latitude, where there is a transition from the Moon 
being greater, to Rahu being greater, there is a jump from — 65 vinddis to + 65 mnddis, which itself 
is an indication that the formula is incorrect. But it may be objected that if our correction into 
bhdgdh is accepted the word trayodasondh serves no purpose, for the computation will be begun only 
if the difference is less than 1 3°, and therefore this need not be mentioned. The answer is this: From 
our explanation of the formula for correction it may be seen that it is applicable if the difference is 
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13°, and even a little more. The author instructs that the correction should be applied only if the 
difference is less than 13°. 

But TS (also NP), have taken the word bhagaih as it is and given the interpretation, because they 
do not know the nature or the rationale of the correction. Here, Thibaut alone says (vide page 43 
of Eng. Translation): "To the duration so found stanza 4 directs us to apply a correction whose 
rationale we are however unable to assign", and thus accepts ignorance. But S. Dvivedi in his Sanskrit 
Commentary says that the Moon's motion varies from time to time, and this correction is to rectify 
the error due to the variation. He is unable to see that the variation of the Moon's motion has 
nothing to do with the correction here, and cannot be related to-it. 

[ I^M^eh l H :] 
Total obscuration 

5. Deduct the, difference of the longitudes between the Moon and Rahu 
from five degrees. Deduct this from ten degrees, and multiply the remainder 
by this itself and by four. Find the square root of the result and multiply it by 
2 1 . The minutes of arc of total obscuration is got. This dividend by the daily 
motion gives the time. 

The rule given is as follows: Minutes of obscuration = 2 1 X V{5 — (Moon ~ Rahu)} [10 - {5 - 
(Moon ~ Rahu)}] X 4/5. 
This can be simplified as: Minutes of obscuration = 2x21 ^5* - (Moon ~ Rahu) 2 /5. 

= 2 X 21 X V25 - (Moon ~ Rahu)75. 

This multiplied by 60 and divided by the daily motion gives the duration of obscuration in 
nddikds. 

Here, 2 1 X (Moon ~ Rahu)/5 is the Moon's latitude at full moon. The latitude according to the 
Paulisa has been shown to be (Moon ~ Rahu) X 380790, where Moon ~ Rahu is in degrees. As 380/ 
90 is very nearly equal to 21/5, we can say: 

Latitude in minutes = 21 X (Moon ~ Rahu)/5. 

It must be noted that we use here the corrected Rahu to get Moon ~ Rahu. So, the latitude 
obtained is the correct latitude. Therefore, no correction is necessary here corresponding to that 
of verse 4, above. 

Now, the rule is explained thus: In this Siddhanta, the difference between the semi-diameters of 

5a. B.l^dWI^: (B3.^^cW?I ) 

b. B1.W#. B.??lI^om?T. A.3«mr: 

c. B.omW 

d. A.B.W^lt 
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the Moon and the Shadow is 21 minutes of arc. Thererore, when the difference between their 
centres is 2 1 the total obscuration begins or ends, as at M,or M 2 m Fig. 4, below. 




Fig. VI. 4 



Here M is the Moon at new-moon, and S is the centre of the Shadow. M S = M S - 21' - the 
of the semi-diameters, constant according to this Siddhdnta. SM » the laUtude at full 

moon. Therefore, 
Minu tesof obscu rati on = M,M 9 = 2 (M lM or MM 2 ) 
= 2 ySM^SM^ = 2 V21 a - latitude* 
= 2 V21* - {21 x (moon ~ Rahu)/5} 2 

theoriginalrule,21 X V~{5 - (moon ~ Rahu)} X [10 - {5 - (moon ~ R^i)}]4/5. 

The conversion of the minutes of arc of obscuration into time is, as already S^^/^ 
tion, Minutes of daily motion of (Moon - Sun): Minutes of obscurauon .. 60 nadtkas.nadtkas 

obscuration. 

is no total eclipse. 

• - c n va Tinhti (Tnihkra 8-12-0. The daily motion of(Moon 
Emmple 2. The Moon at new moon is ra. 8-13-24. Katiu (laii) isra. o u y 

- Sun) = 750'. Find the minutes of obscuration and the time. 
The corrected Rahu = ra. 8-12-0 - 1° 36' = ro. 8-10-24 

Moon ~ Rahu = ra. 8-13-24 - ra. 8-10-24 - 3°. , 91/5 = 2 X 4 X 21/5,minutes. 

Bythesimplifiedrule,theminutesofobscuration = 2xV25 5 x £U* 

The duration of obscuration = 2 X 4 X 21 X 60/(5 X 750) = na. 2-41. 
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From verse 3, giving the general duration, we see that the sum of the semi-diameters of Shadow 
and Moon is 55'. Here wesee that their difference is 21'- Hence, (55' + 21') = 76', is thediameter 
of the Shadow according to this Siddhdnta, and 55' - 2 1 ' = 34', is the diameter of the Moon, giving 
the semi-diameters as 38' and 17' respectively. 

By a strange confusion of ideas TS and NP have concluded here that when Moon ~ Rahu is less 
than 10°, there must be a total eclipse. (vide the Sanskrit com.p.33, and English translation, p.44, 
NP, Pt. II, p.53). We have shown that for a total eclipse to occur the difference must be less than 
5°. It is easy to see which is correct. If the difference is greater than 5°, the number under the radix 
becomes negative, and no real root can be obtained. For e.g. if we take 7°-, as the difference, according 
to TS there must be total obscuration. But us ing it in the form ula, we get, 

21 xV(5 - 7){10- (5 -7)} 4/5 = 21^^9675 = 21 x4tf=6/5, 
which does not give a real value. Their error is due to their confusing in their work, the 2 1 minutes, 
sine of 10°, as 21 minutes, latitude to be got for 10° difference. 

Further the postulation by TS of a maximum latitude of 240' in this context is unwarranted. 
True, from the above a latitude of 55' for 13° difference, and 2 1' for 5° difference will follow, if the 
correct formula, with the sine of (Moon ~ Rahu) is used, instead of the degree of difference. But 
nowhere in Hindu astronomy is 240' given, and the Vdsistha does not give the latitude at all. So 
when the Vdsistha wants the latitude to be used in V. 3, we have got to use only the Paulisa formula, 
and the reading gives 280', which TS have translated tacitly as 270'. 280', if taken, will give 63' and 
24' for differences 13° and 5°, and 270' will give 6 1 ' and 23', instead of 55' and 21 ' , both of which 
are unsupported by the context. This is the reason why we changed the reading to mean 380', 
instead of 280', and, following the instructions strictly, gave the rule, latitude = 380' X difference 
in degrees/90, getting 55' and 2 1 ' for differences of 1 3° and 5°. This is also in keeping with the practice 
of the Paulisa, which usually uses for proportion the degrees in the place of sines. 

tfeft a i cfrsi^fl^ifeun || V9 1| 
^^m i k ' %fr*PcrerOT) ^m^^r^ || c \\ 

Direction of the eclipse 

6. During the interval from the time of First contact to the beginning of 
totality, Rahu (i.e. darkness), swallows the Moon completely. The directions 
of the points of first and last contacts are to be calculated from the Moon ~ 
Rahu of those times. 

7. Divide the semi-orb of the Moon situated opposite to the direction of 
latitude into 13 parts, by straight lines parallel to the east-west diameter, at 
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equal distances from one another. At the part of the rim equal to the degrees 
of Moon ~ Rahu, on the eastern or western part of the orb, are the points of 
first and last contacts, from which the directions can be read. 

8. Multiply a fourth of the Moon's rim, (in whatever unit taken, as for e.g. 
minutes or digits) by the latitude, and again by the degrees of the Moon east 
or west of the meridian. Divide this by 8100. By so many units is the east or 
west point of contact bent northward or away from the north respectively if 
the Moon is east of the meridian, and bent away from the north and north- 
ward respectively, if the Moon is west of the meridian. 
The instructions to obtain the directions of the points of contact have been explained by figures 
5 a, b, c. 



Orbit 



Sl 



Ecliptic 



S2 



Fig. VI. 5-a. 




Ecliptic 



Fig. VI. 5-b. 



6a. A.f^l^T 

b. A.f2Rt^Ff%; B.l^raT^; C.f37tq%<W; 
D.Rl¥>HI<rl 

A. W*Bh M% B.TO ^: (B3.°^); 

c. A.W^; B1.3.wn§f; C.D.wft$ 
7a. C.faH4wi; D.f^l%: 
b. C-D.^lWt 



A.sPct^^T; B.cTcr^; D.^ScT. A2. 
c. Al. 1 ^^; A^. 1 ^ 
d. A.WJTRcTRT; B.TTS°TT*#; D.WOT (^) 

^T^ 
8a. A.B.°^lf|ĕr 
b. A.B.^ 
c. B.^MIS^ 

d. A.B.«*rHI«twg& (B. 5 ^); D.STR^*^ I 
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Fig. VI. 5-c. 



In all the three figures, M, M,, M 2> M' represent the centres of the Moon, and S, S,, S 2 , thecentres 
of the Shadow. S' is the point of contact. R is Rahu. In fig. 5a, R M 2 is part of the Moon's orbit, and 
RS a is part of the ecliptic. In position S 2 which is the limit for the occurrence of an eclipse, MS 2 = 
13°, and M 2 S 2 is the latitude, equal to 55', = the sum of the semi-diameters, i.e., M 2 S' + S'S 2 . S', the 
point of contact, is seen 90° from the east point, directed towards the north from the ecliptic, i.e. 
at the north point of the Shadow, but at the south point with reference to the Moon. In position S, 
the Moon is at the node, Rahu, and (Moon ~ Rahu) is 0°. Clearly, S', the first point of contact, is at 
the east point. In position S, between the above two, it is seen that S', the first point of contact, 
makes an angle P M, S^ with the east point, on the south, with reference to the Moon. 

It may be seen that the sine of the angle is proportionate to PS,, the latitude, which itself is propor- 
tionate to (Moon ~ Rahu) as we have shown. Thus, at any intermediate position, the point of con- 
tact makes an angle with the east, whose sine is proportionate to Moon ~ Rahu. Hence the rule to 
divide the Moon's half opposite to the direction of the latitude into 1 3 parts by parallel lines at equal 
intervals, and take the point of contact of that line which corresponds to the degrees, Moon ~ 
Rahu. This is shown clearly in fig. 5c. Here P' S', the sine of the angle P'MS', which is thedirection, 
is seen proportionate to PS, the latitude, which is proportionate to Moon ~ Rahu. The figure is for 
Moon ~ Rahu equal to 7°. 

Fig. 5b is intended to show both the first and last points of contact, and because of the increase 
(or decrease) of the latitude during the interval, there is an increase (or decrease) in the angle. In 
the figure, the angle of first contact, P'MS', corresponds to the latitude MA and is smaller; the angle 
of last contact, P'M'S' corresponds to the greater latitude M'B, and is greater. It is also to be noted 
that the last contact is at the western part of the Moon, the Moon now being east of the Shadow. 

The directions mentioned above are with reference to the ecliptic, taking it as east-west, (neglecting 
the angle of inclination of the Moon's orbit). But the directions have to be given as seen by the 
observer. For this, two corrections have to be applied, one to convert it with reference to the east- 
west of the equator, called Ayana-valana, and the other to correct it for the east-west of the place. 
depending on the latitude of the place, called the Aksavalana. Both these have been mentioned and 
explained in connection with the observation of the first appearance of the moon given in Chap V. 
The author here gives the Aksavalana alone following the original Siddhdnta, neglecting the other 
one, though that is not negligible. Even in this, he takes into consideration only the northern hemis- 
phere. There the celestial equator is inclined south. An observer facing east looking at a body on 
the celestial equator sees the east point bent northward, and the west point bent southward. Simi- 
larly, an observer facing a body west, sees the east point bent south, and the west point bent north. 
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The directions are changed accordingly. (For illustration see fig. 7, below given under example 3) All 
S has been e^plained^in chap. V. The SUtonla takes it that the bendmg » P^~^ 
htitude beine zero at the eauator and 90° at the pole. So, in terms of the length of the arcumlerence, 

On the meridian there is no bending. In between, the Siddhanta takes ,t as proportionate to the 

anele of the Moon from the meridian. Thus, mf >riA\™/<X)°\ 
Bending = (latitude/90°) X (circumference/4) X (degrees of the Moon from the mendian/90 ) 
= quarter circumference X latitude X degrees of the Moon from the mcndian/8100, as gl ven. 
As for the Moon being "devoured", it is a figurative expression, the Shadow being identiried with 

the demon, Rahu, in the Puranas. 
In savine that Moon ~ Rahu should be done once for finding the point of first contact, and again 

fo theTst comact, the author recognises that the difference may be 

indicates that it will be good if the times also are computed separately usmg the different laUtudes. 
But TS and NP by their emendation, pragrahamokse, have shut out all this suggestion. 

TS do not seem to understand why the division into thirteen parts is instructed to be made, for 
Dr TObaut say"'We do not know the reason for the direction, given in stanza 7, to diyide each 
quarter of the circumference into thirteen parts." (p.45). It is not each quarter, and .t 1S not the 
quarter-circumference that is to be equally dmded. 

We have emended grahanasvamse into grahanasdmse, whereby we understand that the point of 
coIcdsatthTpot^ 

T^tZt^on grahar.usa J vadet by NP is not warranted. In the matter of the *~of 
iLIna, Thibaut says the opposite of what Sudhakara Dvive dl says, and netther gwes the cor- 
rect direction. (vide. Com. and TranslaUon) 



Moment of the eclipse and its colour 

8 A-9 The middle of the eclipse is at the moment of new moon. The times of 
first and last contacts are earlier and later than the middle, by half the time of 
duration. When the eclipse is total, the colour of the Moon is red or brown as 
it is farthest or nearest to the earth, respectively, and mixed, more or less, in 
between. When the eclipse is near sunset or sunrise, the Moon is smoky in 
colour When the eclipse is partial, the Moon has the colour of raincloud. 
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10. Subtract the Head of Rahu from 1 2 rdsis, multiply it by 228, and add the 
Moon's longitude. If this is between 6 and 12 rdsis, the Moon is farther, and 
if between and 6 rasis, it is nearer. (The idea is, that the nearer this sum is to 
9 rdsis, the farther is the Moon and its colour at total eclipse is nearer to red. 
The nearer this sum is to 3 rdsis the nearer is the Moon, and its colour is nearer 
to brown). 

Since this Siddhdnta uses the latitude, (or Moon ~ Rahu) at full moon to find the duration, the 
part of the duration before full moon is equal to that after full moon, and the middle is at full moon. 
But other siddhdntas repeat the work, using the latitudes at first and last contacts separately, so that 
the two parts are not equal, and the middle does not occur at full moon. Still all siddhdntas techni- 
cally call the moment of full moon as the middle, since at that time the eclipse is practically the 
maximum. 

As for the colour of the Moon at eclipse, it is based on observation, and given slightly differently 
by different Siddhdntas. Some take the fraction of the Moon eclipsed as the criterion for the colour, 
others the time of the eclipse and its nearness to sunsetorsunrise, etc. Here, this Siddhdnta uses, in 
addition, a new criterion, not given by any other Siddhdnta, viz. the distance of the Moon from the 
observer, and there is truth in what the Siddhdnta says. 

Here, it may be asked how at all is it possible for the Moon to have any colour at eclipse. It is an 
opaque body, and what illumination it has comes from the Sun's rays falling on it. When it is 
immersed in the Sun's umbra, i.e. full shadow, (we consider the Moon in umbra alone as eclipsed, 
and not in pen-umbra), the Sun's rays cannot fall on it. It cannot be the earth-shine falting on the 
Moon and dimly illuminating it, as in the crescent Moon, giving rise to the popular belief of "the 
old Moon in the arms of the new". At times of new moon, when the lunar eclipse occurs, there is 
no earth-shine opposite the Moon to illuminate it. This is the answer: Though the Moon is in the 
earth's shadow geometrically speaking, the Sun's rays, refracted by the earth's atmosphere, fall on 
the Moon and illuminate it with a red or brown glow, red light alone being able to reach the Moon 
after passing through the long section of the earth's atmosphere undispersed, on account of its 
greater wave-length. (See fig. 6). 



8A.9. QuotedbyUtpalaonJ55 5.l8 
8 A. Om both in A and B, but included in this 
edition on account of its essentiality in 
this context and its being quoted as a 
verse of VM by Utpala in continuity 
withverse8. 

While C om its this verse since it is not 
available in the text mss. D adds it. 
(as no. 9, and the further verses 
numbered as 1 etc.) since Utpala has it. 

9a. A. M^ l RA^ ; C.HRT#T 

D . numbers the verse as 1 and the 



verses 10-14 as 1 1-15. 

c. A.B. ^ I W' 1 'W^ (b.ffi); C.<m»ri«ra*|*i 
d. A.B.C.^^T^TĕPT^B.om^) 

lOa. D.gOT^ 

b. A.B.C.D.I ^Hfe'j" l; D.^1% [#T] 

(A.TT^) 
c. A.B.T^^Tgkgg (B. ^Tt), (A 2*Tg*T); 
C. *?l¥llV^; D . 3#T#fcTrwp: 

d. D.TlRTfe:. B.TTt^T:; D.TTT^: 
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In its nature this phenomenon is similar to the Sun apparently rising eartier and setting later, and 
appearing red at both times. As for the distinction between red and brown, it can be seen from the 
figure that there is great illumination at a greater distance, and, so, when nearer, there is less red, 
which gives a brown colour as mentioned by the author. The redness may vary by other causes, like 
the dust or water vapour in the atmosphere, and it goes to the credit of the ancients that distance 
was distinguished as one cause, affecting the redness. 

When the Moon is partially eclipsed, the glare of the illuminated part dims more or less the red- 
ness of the eclipsed part, so that it looks almost dark like a rain cloud. Near sunset or sunrise, the 
red glow from the Moon has again to pass a long distance through the atmosphere, and get Hltered 
out, so that the colour becomes smoky. 

Verse 8-A is given only by Bhattotpala, the text manuscripts omitting it. The original of VM must 
have contained this verse, for it supplies several lacunae. The word evam in verse 9 requires a pre- 
vious verse mentioning colour. Omission of this verse has compelledTS to emend saruagrdsiny evam 
into saruagrdse pltam. The rule in verse 10, giving when the Moon is at ucca and nlca has a purpose 
only with 8-A which requires the information. If TS had verse 8-A before them, they would not have 
misunderstood 10, and declared that it is something pertaining to astrology. It also instructs us how 
to find the times of the first and last contacts, and when the middle occurs, which instruction we 
assumed before, in working the examples. NP rightly include this verse in brackets and give it the 
number 9, the further verses being numbered from 10. 

We have said that verse 10 gives a rule to find when the Moon is far and when it is near. We shall 
explain how: The rule says that when the result got by the rule is nine rdsis, the Moon is at the 
greatest distance, i.e. at ucca, and when the resuit obtained is threerasis, it is nearest, i.e. at nlca, as 
we have explained. Therefore if the rule gives about nine rdsis for the Moon at ucca, le. when the 
Moon is replaced by ucca, then it must be correct. We shall show that it is so. 

The rule is: Moon - 228 R = ucca - 228 R (where R is the Head of Rahu at any full-moon). At 
the full moon just precedlng the Epoch, by II.3, taking the reading vasumuninava etc. it can be cal- 
culated that according to Vdsistha-Paulisa, the ucca is rd. 8-14-2 1 .4. (The Siddhanta does not give the 
ucca direct, but we can find it by the relation, Moon - Moon's kendra = ucca). Every synodic month 
the ucca increases by 3° 17'. 3 according to this Siddhdnta. Therefore afterm synodic months, the 
ucca is rd. 8-14-21.4 + m X 3° 17'. 3. The corrected Rahu, R, at the full moon before Epoch is rd. 
7-26-45.2. It decreases by 1° 33'. 88 every synodic month. Therefore, after m synodic months, R = 
rd. 7-26-45.2 - m X 1°33'.88 

.-.ucca -22$R = ra. 8-14-21.4 + m X 3° 17'.3 - 228 X (rd. 7-26-45.2 -mX 1°33'.88) 
= ro. 8-14-21.4 - 228 X ra. 7-26-45.2 + m (3° 17'.2 + 228 x 1° 33'.88) 
= ra. 8-14-21.4 -rd. 1 1-9-45.6 + m (3° 17'.3 + 356° 43'.9) 
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= rd. 9-4-35.8 + m X 1'.2 

= practically nine rdsis, for a long time after or before Epoch. 

Nineteen years before Epoch, this would have been exactly nine rdsis. A small difference in Rahu, 
(if it is 1 ' .2 more) would make it nine rdsis even at the taken time. It must be noted that one or even 
two rdsis either way will not matter in our context, of redness at one end and brownness at the other, 
for the difference between redness and brownness itself is slight. Only after two or three thousand 
synodic months will there be perceptible difference, and the rule cease to hold good. 

From the proof of the rule it will be seen that our emendation oitriyamadvigunam into dhldviyama- 
gunam is necessary. triyamadvigunam had perhaps been wrongly written by some scribe who had the 
'saros', (consisting of 223 lunations) in his mind. As antithetical to kriyddikanydntago nicah, we have 
emended the meaningless group of letters, epiklesoyam ucca into juketthageyam uccah. Neither TS nor 
NP seem to have understood„the significance of this verse. TS observes on it: "A stanza of doubtful 
import, see the Sanskrit commentary" (Tr., p.45) and the Sanskrit commentary suspects it to be of 
astrological import (com., p.34). NP gives an incorrect translation and says "The synodic months 
in an 1 8 year eclipse cycle is 223, but the role of this number in the present context remains obscure 
to me" (Pt. II, p.55) 



^ttRt (TOif )^TfT-^fsg(TraTS) w&rtmstq | 
arenfiNt >*s»<a4K»i ^trrt: ^rf: j| m \\ 

M I «faMjfead^ : ^TgTT^TTS* || <>3 || 



Diagrammatic representation 

11. Draw three concentric circles with radii 17, 38 + 17 (= 55), and 38-17 
(=21), minutes of arc. These circles relate to the Moon, the duration and the 
obscuration, respectively. (Drawing the part of the Moon's orbit forming the 
path of the Moon), mark the points (of first and last contacts) and also those 
of inversion and emergence if any). 

12. Draw the diameter (making an angle equal to the Valana given in verses 
7-8) with the ecliptic which, (according to this Siddhdnta), is east-west with 
reference to the equator. (This diameter shows the east-west of the place). (As 
shown in fig. 5c) draw thirteen equally spaced lines parallel to this east-west 
diameter. (The directions of the points of contact etc. are given by this iigure). 
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13. The graphical representation of the lunar eclipse has here been described 
briefly, and can be understood properly only by explanation (followed by 
demonstration). From this, the total duration, the total obscuration, the 
magnitude, etc. can be found by inspection. 

The representation given by the author can do duty for all the figures used by us to explain verses 
3, 5, 6 and 7, the centre of the concentric circles being the centre of the Shadow in each. An impor- 
tant difference is that in the previous illustrations, the orbs, of the Moon and the Shadow were 
shown separately, while here they are replaced by one circle for each of duration (radius = 38' + 
l7')andtotality, (radius = 38' - 17'), the Moon being reduced to a point coinciding with itscentre. 
As the points of contact etc. showing the direction cannot be marked on the point-Moon, another 
circle is drawn to represent the Moon, with the same centre. As the directions of the points on the 
two circles are diametrically opposite to the directions of the same points with reference to the 
Moon, the points can be marked on the Moon-circle by the intersection of the diameter on its oppo- 
site half. An examination of fig. 7 will show this, and an example will make everything clear. 

Emmple 3. (Note: This emmple is intended only as an illustration). The latitude of a place is 20°. The 
full moon occurs 4 nddis ajter sunset. The Moon at that time is rd. 5-15-0, and the Sun, rd. 11-15-0. The 
uncorrected Rdhu (Head)at fuil moon is rd. 5-6-36, from which the latitude is 35'N. Thefull moon isll nddis 
before mid-night. The daily motion of (Moon - Sun) = 780'. Find the times offirst contact etc, and verify by 
a graphical representation. 

(i) The corrected Rahu = ra. 5-6-36 - 1° 36' = rd. 5-5-0. Moon ~ Rahu = rd. 5-15-0 - rd. 5-5-0 = 
10°. This is less than 13°. .-. there is a lunar eclipse. 

(ii) Minutesof duration = ^W-lat* = V55 2 - 35* = 42, minutes of arc. 
Now, 2 X 42 X 60 780 = nd. 6-28 = Uncorrected duration. 

Difference between Moon and uncorrected Rahu = rd. 5-15-0 ~ rd. 5-6-36 = 8° 24. 
Correction = 8° 24' X 5 = 42 vinddis. 

As Rahu is less, deducting from uncorrected duration, the correct duration = nd. 5-46. 
Halfthis is nd. 2-53. 

Subtracting from the time of new moon, 4 nddis, the first contact is at nd. 1-7 after sunset. 
Adding, the last contact is at nd. 6-53. 

(iii) Moon ~ cor. Rahu = 10°. As this is greater than 5°, there is no total phase. 

(iv) The first contact is ~nd. 15-0 - nd. 1-7 = nd. 13-53 before midnight, i.e. the Moon is 83° east 
of the meridian, 

lla. A.B.^TTSI 12a. A.Jikt>Ml«*<r1*l; B.to^l^cnm (B2.$ 

B1.2.faT^;B3.tOTT D.^dr^E^TOiĕRiTRJ 
b. A.^^T; B.C.D.ft^T^r b. A.B.D.^t^a (AomT); C.^RRia 

c. A.B.-^T^^TTlrCA^.^) d. A.-??qraTO:; B.WcTRT: 

d. A.ft^#nt^3T; B.ft^wiPw.«^; ^ A R C B ^ 
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The Moon's circumference = 17' X 44/7 = 107'. 

Thebendingof the direction due tolatitude = (10774) X 20 x 83 + 8100 
= 5 l /z minutes of arc. 

As Moon is east of the meridian, the equatorial east point is bent 5 W north of the east point of 
the place, i.e. the east point of the place is situated south by 5V2 minutes-length. 

At the time of last contact, the Moon is 49° east of the meridian. The bending of the point of last 
contact at the western limb of the Moon =(107/4) X 20 X 49/8100 = 3.2', southward, as the Moon 
is east of the meridian, i.e. the west point of the place is 3 Vfe minutes-length north of the equatonal 
west point. 

(v) We shall show all these graphically in Fig. 7. The latitude to be used in the figure is the 
corrected latitude = 10° X 380' -s- 90 = 42'N. 




Fig. VI. 7 



M, M', are the points of first and last contacts. MM' = duration in minutes of arc. MM' = 3".6 by 
measurement, = 3.6 X 20' = 72'. 

From this, the time of duration = 72 X 60 * 780 = na. 5-32. 
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See how close this is to the time calculated, viz. nd. 5-46. 

The Moon's orbit does not touch the circle of totality. Therefore there is no total obscuration, as 
already found by calculation. 

The arc in the figure from the east point of place to the first point of contact gives the direction 
of the point at the beginning, and the arc from the west-point of place to the point of last contact 
gives the direction at the end. 

We have amended matena intoyutona, nabahu into Rdhu, ekachanoni into ekasthdndni, ydmasabu into 
sasdnka and purudparayosca into purudpardydsca as necessitated by the context and proximity of the 
lettering. 

H l ^&APM : Mil^u i JMSK II || 



Lunar and solar eclipses - Differences 

14. In the lunar eclipse, the Moon, (moving eastward), contacts the earth's 
shadow. Therefore the Tirst contact' (occurs at the eastern limb of the Moon, 
and so) does not occur at the Moon's western limb. In the solar eclipse, the 
Moon meets the Sun, and therefore, (the Sun being contacted as its western 
limb), the first contact does not occur at the eastern limb of the Sun. 

The Moon's motion being more than thirteen times that of the Sun or the Shadow, (whose 
motion is the same as that of the Sun), it moves eastwards relative to the Sun or Shadow and con- 
tacts them at their western limb, and its own eastern part. As the lunar and solar eclipses are with 
reference to the Moon and the Sun, respectively, the first contacts are at the eastern and western 
limbs, respectively. It need not be mentioned that the last contacts are, respectively, on the western 
and eastern limbs. 



14. QuotedUtpalaonflS.5.12 C.^^cT«TT*H*ifa I 

12a. U.^. B1.2.^Hrat; B3.^t. A.B. ^F5 A. W ^; B.D. W^: 

b. AB.3.-mRT:^°; B1.2.^m:^° c. A.Bl.ilPTgsi A.B.C.D.U.t^ 

d. A.^T 

[ff?T M^fa«& l PdchNi cUlSfMfe<£ufcMNi 

^^ii^ul ^nr ^rgtaHiPT: |] 1 

Thus ends Chapter Six entitled '(Vasistha-) Paulisa Siddhanta: 
Lunar Eclipse' in the Pancasiddhantika composed by Varahamihira 

mj 1. A.B.D. ^KM^I ^spr: C. # ^^^ u l ^PT TOtSKTTO: 



Chapter Seven 



(PAULlSA-SIDDHANTA) - SOLAR ECLIPSE 

Introductory 

This chapter deals mainly with the solar eclipse according to the Paulisa. But the last two verses 
giving the computation of the solar eclipse gives the lunar eclipse also. It is from this that we have 
to conclude that the lunar eclipse of Chap VI is that of the Vasistha. The method of the Paulisa for 
correcting the Moon's latitude for parallax is peculiar. The correction is done on Rahu, and thence 
carried to the latitude. Also, this is the earliest siddhdnta to deal with the solar eclipse, and thus, with 
its peculiar method, historically important. 

<THg: ^JomT^t ^lByiwRd^ (^T: ) || * || 



Parallax of longitude 

1. Find the interval between mid-day and the time of new moon, in nadis. 
Multiply this by 6. Degrees are got. Find its sine. Divide it by 30. The result is 
the parallax in nddis to be deducted from the time of new moon if new moon 
is before mid-day, and to be added to the time of new moon, if after mid-day. 
The new moon corrected for parallax in longitude is obtained. 

Thus: i. nddis of parallax = sine (interval in nddis between mid-day and new moon X 6) 30. 

ii. Parallax corrected new moon = new moon + (\),minus for forenoon, andplus for afternoon. 

The rationale of parallax correction is as follows: A lunar or solar eclipse occurs when the Moon 
gets so dose to the earth's shadow or the Sun, that it enters the Shadow so as to be darkened by it, 
or hides the Sun from the observer's view. Now, the Moon being darkened by the Shadow is practi- 
cally independent of the position of the observer on the earth. But the Moon hiding the Sun 
depends upon the observer's position, owing to parallax. So parallax correction has to be done in 
the solar eciipse. The critical angular distance is the sum of the semi-diameters. The angular dis- 
tance between the Sun and the Moon is calculated from the longitudes of both and the latitude of 



la. A.B.C.D.W^T c. B.|f»RFft 

b. B1.2.W^A.*TrfaT^; B.^T^T I d. A.B.^ItW?!: A.B.»#; C.ftW 
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the Moon. These being given with reference to the centre of the earth, the angular distance calcu- 
lated is as seen by an observer at the centre of the earth. But we want the distance as seen by an 
observer on the surface of the earth, and a correction has got to be made for this. This is correction 
for parallax or simply parallax. See Fig. 1-a. 




Fig. VII. 1-a. 



(Note: The figure is only diagrammatic and does not represent actual distances). 
PD = a line drawn parallel to CM. 

The observer at C sees the Moon along CM, and for him the Moon's zenith distance (z.d.) is ZCM 
(= ZPD). But the observer at P sees the Moon along PM, and its z.d. for him is ZPM. This is equal 
to ZPD + DPM = ZCM + PMC, and PMC is the parallax correction to ZCM. It can be seen that the 
parallax correction for the Sun is PSC, and less than that for the Moon. It is actually about 2/27 of 
the parallax of the Moon, according to the Hindu Siddhdntas , its distarice being about 27/2 times that 
of the Moon, according to them. (It must be noted that actually the Sun's distance is about 390 times 
the Moon's, and accordingly the Sun's parallax is about 9", and practically negligible). 

The amount of parallax, PMC can be calculated trigonometrically thus: 

Sin PMC/PC = sin CPM/CM 

= sin (PCM + PMC)/CM 

= sin PCM/CM (•.• PMC is small). 

Sin PMC = sin CPM X PC/CM. 

Arc PMC X 120/57.3 = sin CPM X PC/CM (v PMC is small). 
Parallax of Moon in minutes = sin z.d. x (PC/CM) X 60 X 57.3 



120 

= sin z.d. X 28.65 x Earth's radius/Moon's distance. 

Similarly, the Sun's parallax in minutes = sin z.d. X 28.65 X Earth's distance H-Sun's distance. 
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At a solar eclipse, z.d. is practically equal for the Moon and the Sun, and in measuring the angular 
distance between the Sun and the Moon relative parallax can be applied to the Moon, the Sun being 
supposed unaffected. We can write: 

Relative parallax = Moon's parallax — Sun's parallax 

= sin z.d. X 28.65 x earth's radius x (1/Moon's dis. — 1/Sun's dis.) 

When the Sun or Moon is at the horizon, sin z.d. is 120, and the relative parallax, (hereafter we 
shall call it merely parallax), called horizontal parallax, is a maximum, and this Siddhdnta takes it as 
equal to 49'. 

.-. Parallax = 49' sin z.d./120. 

Also, we can see from the fig. la that the Moon is depressed, awav from the zenith by parallax, 
along the vertical circle, ZM, increasing the z.d. and that is why it is called lambanam, i.e. 'depression', 
in Sanskrit. 

This general parallax has to be resolved into two parts, correction to longitude, (p. long.) and cor- 
rection to latitude (p. lat.). This is shown in fig. lb. 




Fig. VII. 1-b. 
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ZM = z.d., and MM' is the general parallax. 

PM' is the parallax in latitude, and MP, that in longitude ZQ. 

= latitude of the place, and ZN is the zenith distance of the nonagesimal (z.d.N.). 

We shall find an expression for PM', the p.lat. 
p.lat = PM' = MM' Xsin M' MP/120 
= 49' sin ZM X sin ZM N/120 2 
= 49' sin ZN/120 

= 49' sin zdN/120, (from rt A MNZ). 
Similarly for p.long, i.e. MP, 

p.long = MP = MM' cos M' MP/120 = 49' sin ZM. cos ZMN/120 
= 49' cos ZN X sin MN/120 2 (from rt A MNZ) 
= 49' cos z.d.N x cos OM/120 2 ,.OM being (lagnam - Moon). 

Ciearly, this is positive when the Moon is east of the nonagesimal, and negative when west. 

It is p.long. that we are concerned with in this verse, and it must be given in terms of the hour- 

angle (h, or natdmsa) 

cos z.d.N x cos OM = (i) cos w. cos 0. sin h. sec ^[cTbeing the Moon's declination] + (ii) [sin w 
X cos Moon's longitude x {cos x tan <f X sin (nddis after sunrise or before sunset X 6°)/120 2 } - 
sin 0/120]. 

The Siddhdnta omits (ii) which is small in comparison with (i), sin 0/120 being small in India. For 
the same reason, and as w and <f cannot exceed 24°, it takes cos w. cos 0. sec tf as 1 20. 

.-. p.long = 49' sin h/120. 

As said before, this is positive, i.e. it increases the Moon's longitude when h is east, and negative, 
i.e. it decreases, when h is west. Therefore the corrected time of new moon is earlier and subtractive 
in the forenoon, and later and additive in the afternoon. 

Now, 49' of p-long, converted into time, using the mean relative daily motion of the Sun and the 
Moon, (731'.5), = 49' X 60/731'.5 = 4nddis nearly. 

.-. nddis of parallax = 4 X sin h/120 = sin h/30, as given by the text. If (ii) is not neglected, the 
Moon being east or west of the nonagesimal will be the criterion for the subtraction and addition 
of the nddikds. 



(f*t)^(wftt) wuIhumI 4 [«jf?r] 'fa*m || 3 || 

<W\M^ SRipi ^ffflJt ^l^l^ | 

^an^Rl^ (%) U^iuicHMd : || ^ || 
(^) M^H l (<^U I ^ ^qfttt^ro<T:^ || ^ || 
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Parallax in latitude 

2. Multiply the degrees of latitude by 5 and divide by 27. Add or subtract the 
resulting degrees, respectively, to Rahu's head or from Rahu's tail, where the 
Moon is situated. (i) 

3. Add three rasis to the Moon, and find its declination in degrees. This 
multiplied by the nddis of parallax (given by verse 1) and divided by 18, are to 
be added to the Head if it is forenoon and Uttarayana (i.e. the Sun is in its 
northward course), or afternoon and Daksinayana. The degrees are to be sub- 
tracted from the Head if it is forenoon and Daksinayana or afternoon and 
Uttarayana. For the Tail, the addition and subtraction should be inter- 
changed. (ii) 

4. Take nadisirom sunrise to new moon if forenoon, the nadis from new 
moon to sunset if afternoon. Multiply these by the degrees of the Moon's 
declination and divide by 80. The resulting degrees are to be added to the 
Head if the Moon's longitude is between 6 and 12 rasis, and subtracted if bet- 
ween and 6 rdsis. For the Tail, interchange the addition and subtraction. (iii) 

The corrections are: 

i. 0°x5h-27 

ii. 'Degrees' X the nddis of verse 1 -5- 1 8, where 'Degrees' are to be got from sin 'degrees' = sin w 
sin (Moon + 90°)/ 120 

iii. Degrees of Moon's declination X the time in nadis from sunrise to (parallax corrected) new 
moon, or to sunset from parallax corrected new moon -r- 80. The addition or subtraction is as 
instructed in the translation above. 

These rules follow from the formula derived already for parallax correction in latitude: 
p-lat = 49'sin z.d.N/120. 

49' sinz.d. N/120 = sin w. cos sin (AQ)/120 3 - cos w. sin0/12O 2 , (fromthe twort. A s.ZNAand 

ZQA) 

= (i) - 49' cos w, sin 0/12O 2 + (ii) - 49' sinur cos sin (Moon + 90°) x sin h. sec <f /120 3 + (iii) 
+ 49' cos ur.cos tan c/"cos h/1 20 3 , (h being the hour angle of the Moon at parallax-corrected new 
moon). 

2a. A.Bl.w^». D.w<rr 

b. Bl.^D.E^]%g!3.A^:;B 1.2-18^: c. A.ISTSR 

A.B.«R^^5T|;D.sfM: d. A.om% Bl.^fT; B3.fFfT; C.D.oml^ 

c. A.B.C.7rfwqr°; D.rtl^°n°; A^B.^ 

AB.C.D.°WT5 4a. BM 

d. A.B.C.«FTfJT5TSqt(B1.3.«?IT^). b. A.C.D.^PH; B.WT*TC A.^tB; 

A.B.C.D.t^F» B.aRttTlT 

B.temm Bl.^wTT:; B2,3.«Srai: 

3a. B.«HTJ*T c. A.B.#T. D.$<rHfisR 

b. A.t^l;B.^F d. B.faqftcT. A.B.g^ 
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To secure correction 49' in latitude, a correction = 90° X 49/380 = 1 1°.6, must be apphed to 
Moon ~ Rahu which can be done by applying it to Rahu, as the Siddhdnta does The purpose of this 
replacement is to extend the method of computing the lunar eclipse using Moon ~ Rahu to the 
solar eclipse also. So 49' has to be replaced by 1 1°.6 in the rules, (i), (n) and (iu). 

We shall take the rules one by one and derive the Siddhanta rules. 
(i) = _ H°.6cos oTsin 0/120* 

= - 11°.6 x 109.6 x (degreesoflatitude X 120/57.3)/120 2 , (•.• whenlatitudeisnotmuch, itssine 
oc degrees) 

= - 5 X degrees of latitude -s- 27, as given. 

As the Siddhdnta has only the north latitudes in view, this part of p.lat is always negative_There- 
fore Moon's north-latitude must become less, and south latitude more, by the correction. 1 his can 
be done by increasing Rahu-Head, i.e. by adding the correction to the Head, and by decreasing 
Rahu's Tail, i.e. by subtracting from the Tail, as instructed. 

(ii) = - 1 1° 6 sin ur cos. sin (Moon + 90°) sin h. sec <f /120 3 = - 1 1°.6 sin«r\ sin (Moon + 90°) 
X nddis of correction to new moon + (cos ur X 120 X 4), (•.■ sin h = 120 2 X nddis of correction X 
cos (T+ (cos «rx cos X 4), in verse 1). 

= - 1 1° 6 X sin declination of point (= Moon + 3 rdsis) X nddis of correction + (109.6 X 4) 
= - 11°.6 X {Degreesof declination of point(= Moon + Sratis) X 120/57.3} X nddis of correc- 

tion + (109.6 X 4) . 

= - Degrees' of declination of point (= Moon + 3 rddis) X nddis of correction to new moon -r 1«. 

The 'Degrees' are north, i.e. positive for Moon's Uttardyana, and negative for Daksindyana. The 
nddis stand for positive p-long in the forenoon, and negative p-long in the afternoon as already 
shown. Thus, for Uttardyana and forenoon, the p-lat is negative, and so the result of («) is to be 
added to Head, and subtracted from Tail. Clearly, it is the same for Daksindyana and afternoon as 
then also p-lat' is negative. If Uttardyana and afternoon, or Daksindyana and forenoon, p-lat. 
becomes positive, and so the correction is subtractive to Head, and additive to Tail, as instructed. 

(iii) = + 1 1°.6 cos uT. cos 0. tan^T. cos h/120 3 . 

= + 1 1°.6 x 109.6 X cos x sin</* X cos h (cos </*" x 120 3 ) 

= + 1 1°.6 x 109.6 X degrees of Moon's declination X cos h h- (120 x 57.3), (v sin / = degrees 
of declination X 120 + 57.3, nearly, and taking cos 0/cos <T as equal to unity, <Tbeing not great, 
and0beingnotgreatinlndia) = + 11°.6X 109.6 x <T x«^Maftersunriseorbeforesunset- (120 
X 57.3 X 15), v the Siddhdnta, takes cos h as equal to nadis after sunrtse or before sunset + 15, 
being satistled with"approximate values, i.e. not being great, the time from sunrise or sunset to 
noon is taken as 15 nddis always. Secondly, the angle is taken as « to sine, as often done before. 

.-. cos h = sin (90° - h) = (90° - h)/90° 

= (15 nddis - nddis to meridian)/15 = nadis after sunrise or before sunset + 15 
= + cT X nddis after sunrise or before sunset + 80) 

f is north, i.e. positive for Moon, to 6 rd§is, and negative for Moon, 6 rdiis to 12 rdsis. The 
original of the nddis cos h, is positive both forenoon and afternoon. 
.-. p.lat is positive for Moon between to 6 rdsis, and so the result is deducted from Head and 
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added to Tail if Moon is between and 6 rdsis. For Moon between 6 rdsis and 1 2 rdsis cf is negative 
and p.lat. is negative, and therefore the result is to be added to Head and subtracted from Tail. 

Thus, by making the three corrections to Rahu, p.lat. is secured, though approximately. 

TS have not translated or explained these three verses, not having understood the exact form of 
the rules or their derivation. They merely surmise that it is some work done on Rahu to correct the 
iatitude for parallax. NP too have not understood these verses correctly for they say in the notes to 
verse 2. "This verse is corrupt" etc, in the notes to verse 3, "The text as it stands seems to have con- 
fused the different cases" and in the notes to verse 4, "The tentseems to instruct us" etc. (pt. II, p.57). 

In accordance with the correct form of the rules, we have in verse 2, emended dirika into dhrti, 
rdsicarandyana into sardsicarandpama and candrdyana into candrdpama. 

[y*ui*i|] 

Wt: ^r 4 n<^ld'^iTi|(tam?t) ?r(^)?n^FfeRrsl: | 

rTg*f(W^)^t' (^^ ctj^m^ ('^TOTT'^) | 

Eclipse computation 

5. Deduct 1° 36' from Rahu and find Moon ~ Rahu, in the case of the lunar 
eclipse. Deduct 1° 36' from Rahu corrected (by verses 2-4) and find Moon ~ 
Rahu, in the case of the solar eclipse. If the difference is less than 13° there is 
a lunar eclipse. If the difference is less than 8°, there is a solar eclipse, (other- 
wise not). 

6. For the lunar eclipse, deduct the square of the difference from 169, fmd 
its square root and take three Courths of it. This is the total duration in nddis. 
For the solar eclipse, deduct the square of the difference from 64, find its 
square root, and take three fourths of it. This is the total duration in nadis. 

Thus, nddis of total duration = 3 A V 169 - (Moon ~ Rahu)*, or 3 /4 V64 - (Moon ~ Rahu) 2 , 
respectively. Half this subtracted or added to the full moon, or parallax corrected new moon, gives 
the times of first and last contacts. 



5a. A.focli; B.^T 

b. Al.ll^; A2.T^^;B.t^T.A.B1.2.cl3 (B. ^) I 

d. B.cPSH^: C.D.^R%:#(D.f?f)TOM 

6a. AB.1.2*WR^t c - A 

b. A.B.^T^t(B.^) d. A.B.*TRt» 
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The formulae here are similar to that of VI. 5 as reduced by us, giving the total duration in the 
lunar eclipse, according to Vdsistha. Therefore, the explanation is similar. As in the Vasistha, in the 
Paulisa too, the limit of the lunar eclipse is seen to be 13°, giving 55' latitude. Therefore, in the 
Paulisa too, the sine of the semi-diameters of the Shadow and the Moon is 55', wherefrom their 
respective semi-diameters may be taken as the same, i.e. 38' and 17'. The limit of the solar eclipse 
is seen to be 8°, at which the latitude is 8 x 55713 = 33'.8. Therefore the sum of the semi-diameters 
of the Sun and the Moon is 33'.8, from which the semi-diameter of the Sun is found to be 16'.8. If 
actually the Moon's semi-diameter is a little more or less in the Paulisa, to that extent that of the Sun 
must be less or more. But we have no means of knowing it exactly, since the original Paulisa is not 
extant, the Paulisa quoted by Bhattotpala in the Brhat Samhita being different, as already mentioned. 

From the formulae, the minutes of arc pertaining to duration is, 55 ' X 2 V 169 - (Moon ~ Rahu)7 
13 in the case of the lunar eclipse. To be correct, the time must be found from this by dividing by the 
true relative motion, which is not done here. If the mean relative motion is used, we get: 

{2 x 55 V169 - 0/13} x 60 -5- 731.5 = 9, being the nddis.for the maximum. But, by the formula, 
the maximum is, 3V 169 - 0/4 = 9 s Anadis. B ut this is nearer the correct value. For the solar eclipse 
themaximumbytheformulais,3V64 - 0/4 = 6 nadis. But actually, in the solar eclipse the 
maximum differs according to the time of new moon, being about 5 nadis at sunrise or sunset, and 
about 10 nddis near moon. 

TS, in their explanation here, take the maximum lat. to be 270', instead of their taking 240' for 
the Vdsistha. But, by this, the respective sums of semi-diameters must be got as 6 1' and 38' . But they 
give 58' and 35', which is quite wrong. They seem to have taken these wrong values deliberately, 
with a view to deriving the formulae using the mean relative motion. NP too have failed to get the 
correct meanings and so close their notes on verse 7 with the statement "We cannot explain the 
origin of this discrepancy" (pt. II, p.59), the apparent discrepancy being in the formula for total 
duration of the eclipse as calculated by them. We shall illustrate the whole thing with two examples. 

Emmple (a). In chap. VI, emmple 3, the Moon at full-moon was given as rd. 5-15-0, and Rdhu at that time 
05 ra. 5-6-36. Compute the lunar eclipse:- 

The Rahu corrected for eclipse = rd. 5-6-36 - 1° 36' = ra. 5-5-0 
Moon ~ Rahu = ra . 5-15-0 - ra . 5-5-0 = 10° 
Totalduration = 3V169 - 1074 = 3 x 8.307/4 = na. 6-14. 
(Compare this with the nddis got by Vdsistha, nd. 5-46). 

Emmple (b). The latitude of Pudukkottai in S.India is 10° 24' N. Ona certain day, there, sunrise is nd. 28- 
40, after sunset, midday is after nd 44-20, and new moon is after nd. 49-20 The Sun = Moon = rd. 2-0-0, 
at new moon and Rahu (Tail) is rd. 2-1-0, Compute the solar eclipse, if any, at Pudukkottai. 

First, Parallax-corrected new moon:- 

Time of new moon ~ time of midday = nd. 49-20 - nd. 44-20 
= 5 nddikds, west. 

= 5x6 = 30°, degrees from meridian west. 

Correction for new moon = sin 30°/30 = 60/30 = 2, nddikds. 

Degrees being west, adding to new moon, the parallax corrected new moon = nd. 49-20 + nd. 2-0 
= nd. 51-20. 
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Next, correction to Rahu: 

(i) 5 X 0/27 = 5 x 10.4/27 = 1° 56'. As the Moon is near the Tail, this is to be subtracted. 
.-. Tail - 1° 56' = ra 2-1-0 - 1° 56' = rd. 1-29-4. 

(ii) Correction to new moon = 2 nddis. 
(Moon + 3 rasis) = 5 rdsis. 

The declination of this point is 1 1° 44'. 
The correction = 2x11° 44718 = 1° 18'. 

As new moon is afternoon, Uttardyana, and Tail, this is additive. Adding to corrected Tail we get, 
rd. 1-29-4 + 1° 18' = rd. 2-0-22. 

(iii) The nddis of corrected new moon before sunset = Sunset ~ cor. new moon = 60 nddis - nd. 
51-20 = nd. 8-40. 

The Moon's declination, from its longitude, is 20° 36'. 

The correction, = 8 2/3 X 20° 36' h- 80 = 2° 14'. 

As the Moon is between and 6 rdJis, and it is Tail, this is additive. 

Adding to corrected Tail, we get, rd. 2-0-22 + 2° 14' = rd. 2-2-36. 

Subtracting 1° 36' from the corrected Tail, we have rd. 2-2-36 - 1° 36' = rd. 2-1-0, as corrected 
Rahu to be used in the formula: 

Moon ~ Rahu = rd. 2-1-0 - rd. 2-0-0 = 1° 
As this is less tha n 8°, the re is a solar eclipse. 
Duration = 3 x V61 - 174 = 5-57 nddis. 
Half this is nd. 2-59. 

Subtracting and adding this to the corrected new moon, we have: 
Time of first contact = nd. 51-20 - nd. 2-59 = nd. 48-2 1 
Time of last contact = nd. 51-20 + nd. 2-59 = nd. 54-19 

We have already said that i.ie results will be very rough. 



Thus ends Chapter Seven entitled Taulisa-Siddhanta - Solar 
Eclipse' in the Pancasiddhantika composed by Yarahamihira 




(A.B.D. omW) WRt3WT: 



Chapter Eight 



ROMAKA-SIDDHANTA — SOLAR ECLIPSE 

Introductory 

In this chapter the Sun, Moon and Rahu according to the Romaha Siddhanta are given, as also the 
solar eclipse, dependent on these. But the lunar eclipse is not dealt with. We have already men- 
tioned that this Romaka is different from the Romaka extant now. 

< WTg5f^f^f^ , ^nWW: [5F^:] || * || 

<Rl¥ l RHh ^g^t^%(^)^ctm>J44iM^: | 
(03) ^5hMVIS H-^^Sp^ (?T) ^TT&Ict^T || ^ || 

'^^-^-^'TTt^TT 4 TR-^'#TT(f«r^) '^W^ 
'«jtS-te^'^ ^ ||3 || 

True Sun 

1 . According to the Romaka, the mean Sun in revolutions etc. is obtained by 
multiplying the Days from Epoch by 150, deducting 65 from the product, and 
dividingby 54,787. 

2. Both the Sun and the Moon are to be made true by intervals of the equa- 
tion of the centre for half-signs of the respective mean anomalies given 
for the first three signs. For the next three signs they are to be taken in the 
reverse order. This is repeated for the next six signs. In the case of the Sun, 
the anomaly is got by deducting na. 2-15-0 from the mean Sun. 

3. The minutes of intervals for the Sun, are 20 + 15, 20 + 14, 20 + 10, 20 + 4, 
20-6 and 20 — 14, from which seconds 18 and 5, are to be subtracted, and 
2, 10, 16 and 18 are to be added, in the given order. 

Thus, 

(i) Mean Sun = (Days from epoch X 150 - 65) + 54,787. 

(ii) The mean anomaly of Sun = Mean Sun - raJi 2-15-0. 
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(iii) The intervalsof equation of the centre are 34' 42", 33' 55", 30' 2", 24' 10", 14' 16" and 
6' 18". These are subtractive in the given order in the first quadrant of anomaly, additive in the 
reverse order in the second quadrant, additive in the given order in the third quadrant, and 
subtractive in the reverse order in the fourth quadrant. 

(iv) True Sun = (i) + (iii) 

Emmple 1. Compute the true Sun,for the moment, 59 days Jrom Epoch. 

(i) Mean Sun = (59 X 150 - 65) + 54,787 = raii 1-27-44. 

(ii) Mean anomaly = rdsi 1-27-44 - rasi 2-15-0 = rdsi 1 1-12-44. 

(iii) The equation of the centre = -34' 42" -33' 55" -30' 2" -24' 10" - 14' 16" -6' 18" +6' 18" 
+ 14' 16" +24' 10" +30' 2"+33' 55" +34' 42" +34' 42" +33' 55" +30' 2" +24' 10" + 14' 16" +6' 18" 
-6' 18" -14' 16" -24' 10" -30' 2" -33' 55" x 12° 44' + 15° (= -28' 47") = +39' 50". 

(An examination of work (iii) will suggest how to get the total easily). 

(iv) Adding to the mean Sun, 

True Sun = rdsi 1-27-44 +40' = rasi 1-28-24. 

It must be noted that this is at mean sunset at Yavanapura. 

The rule for the mean Sun can be derived from the constants given or derivable from 1.15. There 
it was shown in the Notes that in the Romaka yuga consisting 2850 solar years, there are 10,40,953 
civil days. Thus, as the solar year is the period of revolution of the Sun, the number of revolutions, 
sayinxdays,is = xX 2850-^ 10,40,953 = xX 150 h- 54,787, as given. As for the deductive constant, 
65, we infer that according to the Romaka, 65/1 50 days after epoch the mean Sun was a full revolu- 
tion, but we cannot verify this, the original Romaka being lost. But it must agree with the relevant 
constant in 1.10, and we have shown in the Notes there that it indeed does. We have also shown 
there that this mean Sun is tropical, and not sidereal. This is peculiar to the Romaka. 

The Sun's apogee given as rd. 2-15-0 is what the Romaka must have found by observation and 
computation, and we have to take it as it is. Actually, the apogee was at rd. 2-17-19 at epoch. 

As for the intervals of the equation of the centre, the Siddhdnta is right in giving them in accor- 
dance with the anomaly. But the values are slightly different from what they will be if the correct 
terms, a sin + b sin 2 0, has been used. Therefore, either the Romaka gives only empirical values 
obtained from observation, like the Paultia, or the Romaka like the Surya Siddhdnta etc, apply an 
equation on the epicycle itself . Any deviation from this may be due to scribal errors. Taking the sum 
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la. Al.^l;A2.^f 
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of the intervals as the maximum equation of the centre, and neglecting the correction of the epicycle, 
we give hereunder the given and computed values for comparison. 

Anomaly 15° 30° 

Computedintervals 37' 6" 34' 36" 

Givenintervals 34' 42" 33' 55" 



45° 
29' 42" 
30' 2" 



60° 
22' 46" 
24' 10" 



75° 
14' 20" 
14' 16" 



90° 
4' 53" 
6' 18" 



The sum forming the maximum is 143' 23", and very near that of the Paulisa, and very much 
more than the actual. This excessive roughness itself is an indication that the Siddhanta is not 
indigenous. The author has not clearly mentioned where the intervals are to be taken in the given 
order and where in the reverse order, as also where they are additive and where subtractive. Or, 
adopting the reading mithunadalat, we can understand that the equation of the centre is subtractive 
in the six signs of the mean Sun beginning from the middle of Gemini, and therefore additive m 
the other six. From the corrected reading, yyutkramasasca, we understand that aiter taking the inter- 
vals in the given order, we take them in the reverse order. From these everything else is inferred. 



True Moon 



^^M^cKatd i yn^R^^^ndi (^) ; ||* || 
4 ^f5rgTjn^Tt»i<^ ¥iRhY*hi*w C*m) II ^ II 



4. The mean Moon in revolutions etc. is got by multiplying the 'day' by 
38100, subtracting 10,984, and dividing by 10,40,953. 

5 . The mean anomaly in revolutions etc. is obtained by multiplying the days 
by 110, adding 609, and dividing by 3031, the result being for sunset at 
Ujjain. 

6 For the half-signs of anomaly the intervals of equation of the centre are: 
1° + 14' + 25" 1° + 1 1' + 48", 1° + 2' - 9", 48' - 15", 48' - 18" - 0", and 48' 
- 18' - 20' - \" (i.e. (1) 1° 14' 25", (2) 1° 1 1' 48", (3) 1° 1' 51", (4) 47' 45", (5) 
30' 0", (6) 9' 59"). 

b. C.D."iSrA2.^A.B.C.D.^r 

A.B.^#^;C.D.^ifcR^ 
c. A.a#A.B.TS^(B.^);D.#*5*. 
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b. A.B.5Rir?A.B.C.D.^|^;A.^r^; B.^% 

c. AB.^WT^ ;, D.faWI^+tlMI 
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5a. A.B.^5PM 

b. B.^Ppi^ 

d. A-^r^Bi.^Trg-B^.s.^Rsr^ 

6a. A.B.^HcM 
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The true Moon is got thus:- 

(i) mean Moon in revolutions = (days X 38,100 - 10,984) + 10,40,953. 

(ii) mean anomaly in revolutions etc. = (days X 1 10 + 609) + 3031. 

This is for sunset at Ujjain. If required for sunset at Yavanapura, 622 V2 should be used in the 
place of 609, we shall explain how, later. 

(iii) The intervals of equation of the centre for the 6 half-signs in a quadrant are, 1° 14' 25", 
1° 1 1' 48", 1° 1' 5 1", 47' 45", 30' 0" and 9' 59". In the first quadrant th^se are to be deducted in the 
given order, in the second they are to be added in the reverse order, in the third they are to be 
added in the given order, and in the fourth they are to be subtracted in the reverse order. 

(iv) True Moon = (i) + (iii). 

Example 2. For days 59, (from sunset at Yavanapura), compute the true Moon. 

(i) The mean Moon = (59 X 38,100 - 10,984) + 10,40,953 
= Rev. 2-1-23-36-30 = ra. 1-23-36-30. 

(ii) Mean anomaly = (59 X 110 + 622 x /2) ■*■ 3031 = rd. 4-4-46. 

(iii) Theequationofthecentre = - 1° 14' 25" - 1°11'48"- 1° 1' 51" - 47' 45" - 30' 0" - 9' 59" 
+ 9' 59" + 30' 0" + 4° 46' X 47' 45" -5- 15° = -4° 0' 39". 

(iv) True Moon = (i) + (iii) = ra. 1-23-36-30 - 4° 0' 39" = rd. 1-19-36. (Note: This is for sunset at 
Yavanapura). 

The rules are explained as in the case of the Sun thus: In 1. 15, it has been mentioned that in the 
Romaha yuga of 2850 solar years, there are 1050 intercalary months and 16,547 suppressed tiihis. 
Therefrom it has been shown, that in the yuga there are 2850 X 12 = 34,200 solar months, 34,200 
+ 1050 = 35,250 synodic months, 35,250 + 2850 = 38,100 lunar revolutions, and 35,250 x 30 - 
16,547 = 10,40,953 mean solar or civil days. So, from the proportion: If there are 38,100 lunar 
revolutions in 10,40,953 days, how many are there in the days from epoch, we have, the number 
of revolutions = days X 38,100 -s- 10,40,953. 

The mean Moon at epoch should be added to the mean Moon or the time by which the Moon 
completes the current revolution should be omitted from the days. According to the Romaka, by 
1 0,984 + 3 8, 1 00 days after epoch , the mean Moon is a full revolution , though we cannot verify this, 
as the original Romaka is lost. Therefore, we have to deduct from the product of days from epoch, 
(10,984 + 38,100) x 38,100 = 10,984, as instructed. With the given deductive constant we get that 
the Romaka mean Moon in revolutions at epoch = (0 X 38, 1 00 - 1 0,984) + 38, 1 00 = rd. 1 1 -26- 1 2. 

See how close this is to the actual, ra. 1 1-24-48, to the Saura, rd. 1 1-25-6, and the Siddhdnta Siro- 
mani's rd. 11-25-49. This is why we corrected the reading, krtdstanavakaikd (1984) into 
krtdstanavakhaika ( 1 0,984). If the reading is taken as it is as done by TS and NP then the mean Moon 
at epoch would become rd. 1 1-29-19, which is improbable, being too far from the actual. We have 
also shown under 1.8-10 that the mean Moon of the corrected reading alone would agree with the 
constants there. 

In the Romaka, as in the Vdsistha-Paulisa there are 110 anomalistic revolutions of the Moon in 3031 
days. Therefore multiplying the days by 1 1 and dividing by 303 1 , the mean anomaly of the Moon 
in revolutions etc. is got. As, according to the Romaka 609/1 10 days before sunset at Ujjain, it was 
a full revolution, we have the additive constant 609. We cannot understand why the anomaly alone 
is given for sunset at Ujjain, while it could also be given for Epoch, i.e. for sunset at Yavanapura by 
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making the additive constant 622 1 /2. That is why in our rules for computation we have given this 
constant. Perhaps the author wanted to avoid the fraction in the constant. The anomaly computed 
for Epoch in revolution etc. = (0 X 110 + 622 3031 = ra. 9-12-16. Compare this with the 
actual, rd. 9-9-34, Saura's ra. 9-9-47, and Siddhdnta $iromani's ra. 9-1 1-23. 

The intervals of the equation of the centre are given in minutes and seconds as in the case of the 
Sun, with the special mention of degrees where there are full degrees. But the text here is so 
corrupt that we are not certain about the numbers, since the original Siddhdnta is lost. So we have 
to depend much on guessing. Adding the intervals we understand that in this Siddhdnta the Moon's 
maximum equation of the centre is 4° 55' 48". Using this, and not doing the correction to the epicycle, 
since it is not known, we have computed the intervals and given them hereunder, for comparison 
with the given values: 

Anomaly 15° 30° 45° 60° 75° 90° 

Computed Values 1°16'34" 1°11'20" 1°1'15" 47' 1" 29' 33" 10' 5" 

GivenValues 1°14'25" 1 H'48" 1°1'51" 47' 45" 30' 0" 9' 59" 

In the matter of order of taking the intervals and of adding or subtracting them our remarks 
under the sun hold here too. 



Daily motion of the Sun and the Moon 

7. The daily motion of the mean Moon is 790', and that of the mean anomaly, 
784'. For work relating to the day-time the true daily motion is the difference 
between the true Moons of the taken day and the previous day. For work 
relating to the night-time the true daily motion is the difference between the 
true Moon's of the taken day and the next day. 

The true daily motion, given in the second half, pertains both to the Sun and the Moon. The daily 
mean motions of the Moon and its anomaly alone is given because in the case of the Sun both are 
the same, practically, equal to 59' 8", and well known. It would have been better if the Moon's mean 
daily motion had been given as 791'. Thus, the following is intended: 

(i) To get the true daily motion of the Sun, take the last interval used in obtaining the true Sun, 
divide it by 15, and apply it to 59' 8" as the quantity got from the last interval has been applied to 
the mean Sun. This can be taken as true daily motion for both the day-time and the night-time as 
there is not much difference. 

(ii) To get the true daily motion of the Moon: 

(a) for the day-time work, find from the intervals the equation of the centre for the last 784' 
of the anomaly, and apply it to 790' as the last part of the interval itself is applied. 

7a. Al.Bl.7Pir c. B."qRT:*$3T; CD.W*$2T 

b. A.sf5^B.tTfP*>. B.TJRll^ d. A.B1.2.^TP3TnnPT 
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(b) for the night-time work, find from the intervals the equation of the centre for the 784' 
following, in the anomaly, and apply it to 790' as that itself would be applied. 

Emmple 3. The days jrom epoch is 59, (given in the previous two emmples). Find the Sun's and the Moon's 
true daily motion,for the day gone and the day to come. 

(i) In example 1, the last interval used is -33' 55". The 15th part of this is -2' 16". Applying 
this to 59' 8", the Sun's true daily motion for both days is 59' 8" - 2' 16" = 57' (in full minutes). 

(ii) In example 2, the Moon's mean anomaly used is rd. 4-4-46. 

(a) For the day previous, the last 784' of this begins from ra. 3-2 1-42. The equation of the centre 
pertaining to this part of the anomaly = + 30' X 8° 18' -s- 15° + 47' 45" x 4° 46' + 15° = + 16' 36" 
+ 15' 10"= +31' 46", (say + 32').Applyingtothemeanmotion,790',thetruemotionforthepre- 
vious day = 790 + 32 = 822', 

(b) For the next day, we have to find the equation of the centre for anomaly from ra. 4-4-46 
to ra. 4-17-50. This is equal to, + 47' 45" x 10° 14' + 15° + 1° 1' 51" x 2° 50' -s- 15° = + 32' 35" 
+ 1 1' 41" = +44' 16". Applying to the mean motion, the daily motion for the day following = 791 ' 
+ 44" = 835'. 

The instruction is easy to understand, for, clearly the difference in the longitudes of two consecutive 
days is the motion for the day. As, in the Romaka, the day begins at sunset for which the longitude 
is computed, the day-time before sunset falls in the day previous, and the night following sunset 
falls in the day next. Hence for work in each, respectively, the motion for the previous day and the 
next day has to be taken. To avoid computing the longitudes of both days, we have given an easy 
method, which should have been intended by the author also, for, otherwise, he need not have 
given the mean motions of the Moon and its anomaly. 

^c<^M I Mr|i ^?F^^WT^(^)%^^ || C || 

Rahu 

8. Multiply the days from epoch by 24, add 56, 266 and divide by 1 ,63, 1 1 1 . 
Subtract the revolutions etc. obtained, from the end of Pisces, (i.e. from any 
whole number of revolution). The Head of Rahu is obtained. 

The following is instructed to be done: 

(i) Revolutions etc = (days x 24 + 56,266) + 1,63,1 1 1 

(ii) Head of Rahu = ra. 12-0-0 - Revolutions etc, omitting the full revolutions. 



8a. B.*U!|jM 
b. A.^: 
c. Al.WFlfS 



d. A. *HKWVj l <»t<^ B. EWI^slMtea 
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Emmple 4. Compute Rahu for the moment, 59 days from epoch. 

(i) Revolution etc. = (59 X 24 + 56,266) -h 1,63,111 = ra. 0-4-7-19. 

(ii) Headof Rahu = ra. 12-0-0 - ra. 4-7-19 - ra. 7-22-41. 
From this the tail = ra. 7-22-41 + ra. 6-0-0 = ra. 1-22-41. 

We have said that the Moon's node is called Rahu, on account of the connection between the two. 
Of the two nodes, the first is the Head and the second, situated six signs away, is the Tail of Rahu. 
According to the Romaha, there are 24 revolutions of the Moon's nodes in 1,63,1 1 1 days. There- 
fore, multiplying the days by 24 and dividing by 1 ,63, 111 the revolutions are got. As the motion is 
retrograde, what is obtained has got to be treated as negative, and therefore to be subtracted from 
12 signs or full revolutions. At the moment 56,266/24 days before Epoch, the Head of Rdhu was a 
full revolution, and in order to reckon from that time 56,266 is added to the days multiplied by 24. 

As for the correctness of the numbers, we cannot verify them since the original is lost. But we can 
see how nearly correct the Romaka Rahu here given is, by comparison with that of other systems. 
At Epoch the Head or Rahu according to the Romaka = rd. 1 2-0-0 - (0 x 24 + 56,266) +■ 1 ,63, 1 1 1 
= ra. 7-25-49. Actually it is rd. 7-26-0. According to the Paulisa it is ra. 7-25-59, and according to 
the Saura, rd. 7-26-6. The time for one tropical revolutions is 1,63,1 1 1 -r- 24 = 6796-17-30 days. The 
correct time is 6798-2 1 -48. The difference of 2-4- 1 8 days is caused by the wrong constant of precession 
adopted by the Romaka, of 34" instead of the correct 50". Thus, since the Romaha precession is less 
by five minutes in the time taken by one revolution, its period of revolution must be about two days 
less as it is found to be, and the disagreement is small indeed. 

wm: mi^Mi^A ^n^rt^yr^r^TE:] ||* || 

Parallax in longitude 

9. (This is the same as VII. 1. and explained completely there. There is no 
difference in meaning between the readings there and here, dinamadhyarna- 
samprdpyd and dinamadhyamasamprdptd). 

^joMtMI^ ^Oc^ d 4>4P l; || W || 

9. QuotedbyUtpalaon55 5.18 c. B.N<|]("ldl 

9a. B.Htil^H MlkJI d. A.B.^nii?; C.^r^l*T 

b. B.-^ra^. A.c%ic?nta 
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Declination of the Nonagesimal 

10. At any time (for which the zenith distance of the nonagesimal, ZDN, is 
desired,) fmd the orient ecliptic point, OEP. Add nine signs to it. (This point 
is called the nonagesimal). Find its declination. 

1 1 . Subtract the Head of Rahu from the nonagesimal, find its sine, double 
it, and add a sixth of the quantity got by doubling, (i.e. find the latitude of the 
Moon, supposing it to be situated at the nonagesimal). Add this to the declina- 
tion found above if both are of the same direction, and subtract it from the 
declination if they are of different directions. (Thus the declination of the 
nonagesimal is corrected). 

12. The north declination, being less and therefore deducted from the 
latitude of the place, the remainder (which is the ZDN) is south. The south 
declination must be added to the latitude, and the sum (forming the ZDN) is 
north. The part of the north declination greater than the latitude, (l.e. the 
remainder after deducting the latitude from the north declination, which 
forms the ZDN), is north. 

Lagnatryaguvivara actually means the difference between the OEP and the Hea d of Rah" Plus 
three signs Clearly this is equal to the difference between the nonagesimal and the Head ot Ranu, 
as translated above. Therefore, if the reading, hgnnsuravivara is adopted, the word Ugna must be 
taken to mean tnbhonalagna or nonagesimal. If the nonagesimal is greater than the Head and less 
than the Tail, the latitude obtained is north, otherwise south. Why this is so has been explained in 
connection with finding the Moon's latitude according to the Paulisa. Though, in a general way, the 
nonagesimal latitude is asked to be deducted from the declination if of different directions (mstruc- 
tion contained in verse 1 1), in the case where the declination is less, the declination is to be deducted 
from the latitude, the direction of the corrected declination being the direction of the latitude. 1 he 
instructions contained in verse 12 envisages only places north of the equator, as usual. 



10-12, Quoted by U tpala on BS 5. 1 8 
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Thus, the following has got to be done: 

(i) The OEP for the time for which the parallax corrected latitude is required, is found, by 
using the local ascensional differences. 

(ii) Nonagesimal = OEP + 9 signs. 

(iii) Find the declination of the nonagesimal, marking its direction north or south. 

(iv) Sine (nonagesimal - Head of Rahu) X 7/3 = latitude pertaining to nonagesimal. This is 
north if (nonagesimal - Head of Rahu) is within 6 signs, south otherwise. 

(v) Corrected declination = declination ± latitude, found in (iv), (the upper sign of same direc- 
tion, otherwise lower , the direction of the result being that of the greater. 

(vi) ZDN = Latitude of the place + corrected declinations, the upper sign if the corrected dedma- 
tion L south, lower sign otherwise. In the latter case, if the latitude is greater, the direction of ZDN 
is south, if the declination is greater it is north). 

The work is thus explained: In computing the solar eclipse it has been mentioned under VIL 1 
that in the place of the Moon's latitude, the same corrected for parallax has got to be used. To get 
he correction the sine of the ZDN is required. For ease of computaaon, the Romaka take the 

being taken into consideration,) as the ZDN, the error bemg small as can be seen from the tigure 
under VII. 1 . This is given by verse 12 above. 

Purther, the parallax correction for latitude depending on sine ZDN is on the supposition that 
the Moon moves on the ecliptic, which is only a PP roximately true. Actually the Moon moves m its 
oroit, and a small correction has got to be made for this, and the work of verse 1 1 above ts mtended 
for this. Practically, all astronomers before the famous Bhaskaracarya II have given his mle onthe 
surmise that taking a P oint on the Moon's orbit, corresponding to the nonagesimal, thmgs will be 
all riX But the misttke in this has eluded all these ancient astronomers, includmg the astute 
Ba^ 

how the rule was wrong,.and gave the correct rule. (Vide the Ydsdnd-Bhdsya at the end of Surya- 
grahanddhikdra, Ganitadhyaya, Siddhdnta Siromam), 

From the rule g iven by verse 1 1 , it can be inierred that according to this Siddhanta the obliouity 
of the Moon's orbit, giving the maximum latitude of the Moon, is 280 mmutes, (got from: 120 X 2 
T\ + 1/6) =120 X 7/3 = 280). We shall see that this agrees with the rule gl ven by verse 14, gmng 
he Moon's latitude. But TS have adopted the incorrect reading, kharasdmsasammt tdm , and dmdmg 
the doubled sine by sixty, got the latitude, which they are constramed tc , cons^der to bc nn degree s 
NP too accept the same sense as TS with an emended reading kharasaptam apakramamsat. By this 
the maiimum latitude according to the Romaka would be 4°. It is very strange that they do not see 
thfs"3arfromthecorrectvaL,highlyim P robableinthe^ 
inordinately, and disagrees with their own (TS's) commentary under verse 14. 
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Parallax correction and orbital diameter 

13 Multiply the true daily motion of the Moon by the sin of ZDN, thus 
found and divide by 1800. This is the-parallax correction for latitude. The 
mean 'angular diameter of the Sun is 30 minutes, and that of the Moon, 34 
Minutes (according to the Romaka). 

Thus: 

(i) Parallax in latitude = sine corrected ZDN X true daily motion of the Moon + 1800 (Its direc- 
tion is that of the ZDN). 

(ii) Mean angular diameter of the Sun = 30- 

(iii) Mean angular diameter of the Moon = 34' . 

(Using (ii) and (iii) the respective true angular diameters are to be found). 

Under VII. 1, it was explained that the parallax correction for latitude, to be used in the solar 
eclipse, is obtained by multiplying the horizontal parallax of the Moon relative to the Sun, by the 
sine of the ZDN and dividing by 120, (the max. sine). It was also shown there that the homontal 
parallax itself varies inversely as the distance of the Moon from the earth, being greatest when the 
Moon is nearest. Hindu astronomers take it that the distance is inversely proportionate to the true 
daily motion, though this is only ap P roximately correct. Therefore it is taken here that the relatwe 
parallax is proportionate to the motion, the Sun's parallax being very small compared to that of the 
Moon Here, the parallax correction i.e. relative horizontal parallax X sin (corrected) ZDN j 120 
= Moohs daily motion x sin (corrected) ZDN * 1800. From this it can be see n hat accor dmg to 
this Siddhanta, the relative horizontal parallax is the daily motion dmded by 15. Therefore he 
mean relative horizontal P arallax = 790'.5 + 15 = 52.7 minutes, as mentioned already. As for the 
mean angular diameters that is what the Siddhdnta has found them to be, by observation or analysis 
of eclipses. 

14 Twentyone, multiplied by the sine of (Sun or Moon at new moon ~ 
Rahu) and divided by nine is the latitude. This, with the parallax correction 
added is the parallax-corrected latitude, when both are of the same direction. 
When of different directions, their difference is the corrected latitude. 



13. QuotedbyUtpalaonfiS5.18 

13a. A.cJ3qraf;Bl.rf3qi5jt; B2.3.<T<aTT5ft 

b. B.^:.A.B 1.2.^11^:; D.^21^1: 

c-d. B.I^KHt: 

d. A.°ftf?T5T; B1.3.°fW3; 



1 4. Quoted by Utpala on BS 5 . 1 8 
14a. A.ldkll^lRl<=R; B.I^RTR^; 
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It is stated here that, 

(i) The Moon's latitude at new moon = sin (Moon ~ Rahu) x 7 3. 

(ii) Parallax-corrected latitude = Moon's latitude +,parallax correction given in verse 13. (The 
upper sign is to be taken if both are of the same direction, and the lower sign, if of different direc- 
tions, the resulting direction being that of the greater). 

The latitude at new moon is the distance of the Moon north or south of the Sun, as seen by an 
observer at the centre of the earth. For an observer on the surface, there is a difference in this, equal 
to the parallax in latitude. Therefore they have to be combined, taking the directions into consi- 
deration, to find the actual distance as observed, i.e. if of the same direction they have to be added, 
and if of different directions the differences is to be taken, the direction being that of the greater. 
Though the author wants this to be done at new moon, as the use of the word sama-hpta indicates 
- perhaps following the instructions of the original Siddhanta - it will be better if it is done at new 
moon corrected for parallax in longitude, that being generally nearer the circumstances. 

It is given that the sine of (Moon ~ Rahu) multiplied by 21 and divided by 9, (it will be easier to 
multiply by 7 and divide by 3), is the latitude. From this, the maximum latitude according to this 
Siddtianta = the maximum sine X 7 - 3 = 120' X 7 - 3 = 280'. This agrees with verse 1 1 aboye, 
as already said. But TS say here that the maximum is 270', contradicting therr statement under 
verse 11 thatitis4° i.e. 240'. Without any reason, they assume here that the maximum is 270', and 
since the maximum sine multiplied by 21 and divided by 9 does not give 270', they say that the 
multiplier and the divisor given are approximate ! ! The same applies also to NP, vide their denvauon 
(pt.Ii; p.63) of the result "i « 4° .... (3c)" and "i ~ 4:30° ... (10), in contrast to (3c) (pt.II. p.64). 
Furth'er TS's statement, that the parallax due to the Sun has been omitted by the author on account 
of its smallness, is wrong, for the intention of the author is only to give the relative parallax. The 
correct statement would be, "The Sun's parallax has not been separately computed and deducted 
from the Moon's, as the difference in effect would be negligible". 



True diameter of the orbs 

15. The mean angular diameters of the Sun and the Moon, respectively, 
multiplied by their true daily motions and divided by their mean daily 
motions, gives the true angular diameters at the time of eclipse. 

Thus: 

(i) The angular diameter of the Sun = 30' X Sun's true daily motion -5- 59. 

(ii) The angular diameter of the Moon = 34' X Moon's true daily motion 791. 

15. QuotedbyUtpalaonB5. 5.18 B1.2.tfCT#l% BS.^w-WT^^ 

15a. A.W. A.B.*m c. A.B.^TWft. B2.^R 

b. A. ^Rm^H*ifa ; d. B1.2.tl*?Tt:; 
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It is a matter of experience that an object looks bigger, the nearer it is, smaller the farther away 
it is, i.e. the angle formed by the object at the eye is inversely proportionate to the distance. We have 
already mentioned that approximately the daily true motion of the Sun and the Moon is inversely 
proportionate to the distance. Therefore, the angle at the eye is proportionate to the daily true 
motion, approximately. Hence, from the proportion, Mean motion: True motion:: Mean angular 
diameter; True angular diameter, we have, 

True angular diameter = Mean angular diameter X true motion -r- mean motion, 
which is the rule given. 

[JltUUhM:] 

Moment of the eclipse 

16. Subtract the square of the parallax-corrected latitude from the square of 
the sum of the semi-diameters. The square root of the remainder, multi- 
plied by two, is the number of minutes of arc giving the duration. These 
minutes, multiplied by 60 and divided by the minutes of relative true daily 
motion gives the time of duration in nddikds. 

The following is to be done: 

(i) Minutes of arc of duration = 2 V(sum of the semi-diameters)* - (parallax corrected Iatitude)*. 

(ii) Time duration in nadis = minutes of arc of duration X 60 -s- daily relative true motion in 
minutes of arc. (Half this, subtracted from, and added to the time of new moon corrected for parallax 
gives the first and last contacts respectively). 

The rationale of the work has been shown in connection with the Paulisa (chap. VII). We must 
add the following: If the latitude as corrected for parallax is found separately, each for the time of 
first contact and the time of last contact, and used in the work, then each will be more correct. Thus, 
the corrected latitude and the time are interdependent, each requiring the other for its computa- 
tion, and therefore the method of successive approximation is indicated here. This is not mentioned 
by the work, as being easily understood, or the author does not give it because it is not found in the 
original. 

[ujumR^u:] 

dM^dlPl t^TT ^H^aiPl ^TOT || V& \\ 
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Eclipse diagram 



17. Subtract the parallax-corrected latitude for the time of parallax-corrected 
new moon, from the sum of semi-diameters. The remainder in minutes are 
the digits of obscuration of the Sun by the Moon. 

18. To represent the amount of obscuration graphically, draw a circle of 
radius equal to the semi-diameter of the Sun, measure the parallax-corrected 
latitude north or south according as where the Moon is situated, and with the 
point marking its end as centre draw a circle of radius equal to the Moon's 
semi-diameter, to represent the Moon. (The part common to both the circles 
is the part obscured, and its measure in digits is its width in minutes of arc.) 



Obscuration in digits = Sum of the semi-diameters, in minutes — parallax-corrected latitude, in 
minutes. (This for the time of parallax-corrected new moon). 

The Fig. to illustrate this is given at the end of Example 5, as part thereof. It can be seen from there 
that the amount of obscuration, AB = SB - SA = SB - (SM - MA) 

= SB + MA - SM 

= radius of the Sun + radius of the Moon — corrected latitude 
= sum of the semidiameters — corrected latitude. 

The author has taken it that one minute of arc appears to the eye as one digit, though actually 
the apparent size varies, ('apparent' because this is an iliusion), the heavenly bodies appearing to 
be btgger the nearer they are to the horizon. 

Example 5. Ajter 59 days has passed from epoch, on the 60th day, there is a solar eclipse. Compute this 
for Pudukkottai (in S. India) (lat. 10° 23'; longitude 48° east of Yavanapura, represented by 8 nddis of 
time). 

The first things to befound are: The Sun and Moon at new moon, the daily motion etc. In Example 
1 , we have found that the true Sun for 59 days from epoch is ra. 1-28-24. In Example 2, the true 
Moon is found to be ra. 1-19-36. In Example 3, the Sun's true daily motion for the 60th day is found 
to be 57', and the Moon's, 835'. In Example4, the Head of Rahu is found to be rd. 7-22-4 1. (All the 
three longitudes are for mean sunset at Yavanapura, that being the time of day of epoch.) Sun — 
Moon = rd. 1-28-24 — rd. 1-19-36 = 8° 48'. The Sun being greater, the new moon is to come. 

The relative daily motion = the difference of the true motions 



= 835' - 57' = 778'. 



17a. B1.2.«*Plftfir. A.^rrT 
c. A.C.D. U.Etal^ 
d. A.*?Rt35nft. Al.^sWHA; 
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The nddis of new moon from mean sunset at Yavanapura, = 60 X 8° 48' 778' = na.40-43. 
The time of new moon from mean sunset at Pudukkottai =nd. 40-43 + na.8-0 = nd. 48-43. 

i.e. on the 60th day, after mean sunrise at Pudukkottai, the new moon is at nd. 48-43 - na.30-0 
= nd. 18-43. Given the half-cara for the day, 39 vinddis, the new moon is at nd. 18-43 + ui.39 = 
nd. 19.22. (No correction is made for equation of time since the Siddhanta does not give it.) 

At new moon, the Sun = the Moon =ra. 1-28-24 + 48' = rd. 1-29-12. 

Head of Rahu at new moon = ra. 7-22-4 1 - 2 ' = ra. 7-22-39. 

Correction of new moonfor parallax (by verse 9.): 

Half day-time is nd. 15-0 + w'.39 = nd. 15-39. 

The time elapsed after noon = nd. 19-22 — nd. 15-39 = na.3-43. 

Corresponding to this, there are 22° 18'. 

Sine 22° 18' = 45' 32". 

The parallax bending of the new moon, (later) = 45' 32730 = nd. 1-31. 
Parallax-corrected new moon = nd. 19-22 + nd. 1-31 = «a.20-53. 

The OEP at new moon: The required ascensional difference for every Drekkdna for Pudukkottai 
in wnadis are 90, 94, 98forTaurus; 102, 105, 108 for Gemini; 109, 110, 109 for Cancer; 108, 105, 
103 for Leo; 101, 101, 99 for Virgo. The new moon is 1162 vinddis from sunrise. 8 vinddis after 
sunrise Taurus ends, 315 from this Gemini ends, 328 from this Cancer ends, and 316 from this Leo 
ends. For the remaining 195 in Virgo, the part risen is 10^ + 9° 18' = 19° 18'. 

.-.0£P = ra.5-19-18. 

Nonagesimal = OEP +rd. 9-0-0 = ra.2-19-18. 

sin declination of nonagesimal = 48' 48" x sine (ra.2-19-18) -h 120' = 47' 58". 

Declination = 23° 33', North. 

Corrected declination of the Nonagesimal (verses 10-11) Nonagesimal ~ Head of Rahu = ra. 2-19-18 ~ 
ra. 7-22-39 = rd. 6-26-39. 

Sine of this = sinra. 0-26-39 = 53' 49". 

53' 49" X 2 (1 + 1/6) = 126', south, (since the Nonagesimal is more than 6 rdsis distant from Head 
ofRahu). 

Being of different directions, 23° 33' - 126' = 21° 27', North is the corrected declination. 
ZD N (by verse 12) : corrected declination - latitude = 23° 27' - 10° 23' 
= 1 1° 4', north (being north declination and greater than latitude). 

Parallax in tatitude (by verse 13) = Sin Z D N X Moon's true daily motion in minutes + 1800 = 
22' 50" x 835 + 1800 = 10'.6, north, (same direction as Z D N). 

The uncorrected latitude at new moon = (verse 14): 

Moon - Headof Rahu = ra. 1-29-12 - ra. 7-22-39 
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Sun's orb 



= rd. 6-6-33. 

Sinera.6-6-33 = Sin 6° 33' = 13' 41". 
Thelatitude= 13' 41" X 7/3 

= 31 '.9, south, (the Moon being more than 6 rdsis distant from Head of Rahu). 
Parallax-corrected latitude = (by verse 14), 31 '.9 - 10'.6 = 21 '.3, south. 
Sum of true semi-diameters (by verse 15) : 
Truediameterof Sun = 30' x57 - 59 = 29'. 
True diameter of Moon = 34' x 835 - 791 = 35'.9. 
Sumof semi-diameters = (29' + 35'.9)/2 = 32'.4. 
Duration (by verse 16): 

Minutesofarcofduration = 2 x V 32.4* - 21.3 2 = 2 X 24'.4 = 48'.8. 
Time of duration = 48'. 8 x 60 -h 778' = nc.3-46. 
Half duration = nd. 1-53. 

Subtracting this from parallax-corrected new moon, 
first contact is, na. 20-53 - nd. 19-0, after sunrise. 

Adding to parallax-corrected new moon, last contact is, 
nd. 20-53 + nd. 1-53 = nd. 22-46, after sunrise. 

Part obscured in digits (by verse 17): sum of semi-diameters 
- parallax-corrected latitude = 32.4 - 21.3 = 11.1. 

Graphical representation of obscuration 

S = centre of the Sun 
M = centre of the Moon 
SM = parallax-corrected latitude 

AB = the measure of the obscuration = 1". 1 1 = 11.1 digits 

Fig. VIII- 1 

In this work 1.8-10 give the 'days from epoch' according to the Romaka; 1.15, gives the elements 
concerning the Sun and Moon in the Romaka-yuga; VIII. 1-8 give the true Sun, Moon and Rahu; and 
VIIL9-18 give the solar eclipse according to the Romaka. It is the 'days of epoch' of Romaka that is 
intended to be used everywhere in the work; since it is the distance between two points of time and 
therefore the same by whatever siddhdnta it is computed. The difference caused by the time of the 
day like 'Sunset of Ujjain', 'Noon at Ujjain' etc. will, of course, be there, and must be taken into 
account. The agreement between 1.8-10, 1.15, and VIII. 1-7, each to each, has been shown m the 
proper places. We have also shown that the Sun, Moon and Rahu of the Romaka are tropical, 
though the author has not mentioned this specifically. The work being a manual, intended to be 
used not for a long period, the difference caused by precession is neglected, no reference being 
made to it. The periods being tropical, itself indicates that this Siddhanta is foreign. The Sun's 




Moon's orb 
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maximum equation of the centre, given as 143', also in an indicator, agreeing as it does with 
Ptolemy's. Though the Moon's maximum equation of the centre given is 296', and Ptolemy's is 301', 
and thus there appears to be a difference, we are not sure thatthe given quantity is 296', on account 
of the extremely corrupt nature of the text in the concerned part. There are also lacunae in the 
computations intended by the author, which are to be supplied from the siddhdntas dealt with 
already or known otherwise. The method of computing the true Sun and Moon given here is an 
improvement on the Paulisa. 

Only the solar eclipse is dealt with here. The lunar eclipse is omitted probably because it is not 
different from that of either the Paulisa and Vdsistha given, or the Sura. to be given. In contrast with the 
primitive method of the Paulisa, the Romaha method of computation of the solar eclipse is far 
advanced, and almost the same as that of the later siddhantas like the Aryabiiatiya or the Saura. For 
instance, the parallax in latitude is correctly sought to be computed by using sine ZDN, though the 
ZDN itself is approximaie 5j being got by combining the latitude of the place and the declination of 
the nonagesimal. Only the method given for correcting the declination for the nonagesimal to 
compensate for the Moon being situated on its own orbit instead of the ecliptic, is wrong, as 
commonly seen in works of authors prior to Bhaskaracarya II. Making the parallax in latitude and 
the Moon's true angular diameter depend on the Moon's true motion, and the Sun's true angular 
diameter on the Sun's true motion, is in accordance with the later siddhdntas, though giving the 
respective mean diameters as 34' and 30' is very rough. The first contact. middle, and lastcontact, 
as also the directions of the points of contact, are intended to be taken from the Ydsistha-Paulisa, not 
being given here. The omission of the total or annular phases does not matter, since they cannot 
be got correctly by the rough methods given. Further, let us not mind the omission of the successive 
approximation to be done in the computation of the circumstances, though necessary as shown. 
(This may be because it is not found in the original or easily understood to be necessary). But it will 
certainly be better to use in the computation the parallax-corrected latitude of the new moon 
corrected for parallax, instead of thatof the uncorrected new moon as given by the text, the former 
being generally nearer the time of the thing computed. We do not know why the author has not said 
so. Inspite of all this, the Romaha is interesting as being comparatively more ancient, and forming a link 
between the earlier and the later Siddhdntas. 

i l Mehr^ l ^A^U I *4^3 gTPT: H] 1 

Thus ends Chapter Eight entitled 'Romaka-Siddhanta: 
Solar Eclipse' in the Pancasiddhantika composed by Varahamihira 
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SAURA-SIDDHANTA — SOLAR ECLIPSE 

Introductory 

In the first portion of this chapter the Sun, Moon and Rahu according to the Saura Siddhdnta are 
given, and in the latter portion, the computation of the solar eclipse according to the same. In 
agreement with the author's statement in his Introduction to the PS, that the tithi got by the Saura 
is very accurate, we see that not only the tithi but most other constants as well are wonderfully accu- 
rate, and approximate closely to the modern values. Among the five Siddhdntas this is the only one 
thatuses epicycles to compute the Equation of the centre of the Sun and the Moon, and later in 
chapter XVII, the Equation of the centre and equation of conjunction of the 'star-planets', followed 
later by astronomers like Aryabhata. The Ardharatrika-paksa of Aryabhata, expounded by 
Brahmagupta in his Khandakhadyaka, follows this Saura-Siddhdnta in its constants. Though the 
computation of Days from Epoch ('days') has not been specially given for the Saura, (the rule given 
in 1.13 not being clear whether it is related to the Saura or not), yet from the Kugc-elements of the 
Saura in 1. 14, it is possible to formulate rules for 'Days from Epoch', following the Saura, as has been 
shown by us in our Notes under 1.14. We have also explained how the 'days from Epoch' obtained 
from the Romaka or Paulisa rules can be used for the Saura also, provided we bear in mind the 
variation in time of commencement of the Epoch, as for instance, that the epoch for the mean Sun 
and Moon, their apogees, and the Moon's node is for mid-day at Ujjain, and for the star-planets it 
is mid-night. 

Now, the author, intending to deal with eclipses, gives first the Sun, Moon and Rahu on which 
eclipses depend, beginning with the mean Sun. 

Mean Sun 

1 . According to the Saura-Siddhanta, to get the mean Sun in revolutions etc. , 
multiply the days from Epoch by 800, deduct 442, and divide by 2,92,207. 
This is for Ujjain mean noon. 



1 . Paraphrased by Utpala or BS 2, p.65. 
la. A.Bl.^1%?. A2.?ra# 
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That is, take the days from Epoch got by the Romaka or Paulisa rule. 

The mean Sun at Ujjain mean noon, just preceding the Epoch, (i.e. sunset at Yavanapura 
beginning Monday), 

= (days X 800 - 442) -s- 2,92,207, in revolutions etc. 

Example 1 (a). Find the mean Sun, given days from epoch, 5,28,931. (This is midday, Ujjain, 21-5-1953 
A.D.). (b) Get the mean Sunfor Ujjain mean noon,just preceding the Epoch, i.e. for zero day. What is it at 
Epoch, i.e. sunset at Yavanapura? 

(a) Mean Sun = (5,28,931 X 800 - 442) - 2,92,207 = revol. 1448-1-5-15.7 = rd 1-5-15.7. 

(b) Mean Sun at Ujjain mean noon preceding Epoch = (0 X 800 - 442) h- 2,92,207 = - 32'.7 = 
rd 11-29-27-3. 

Since mean sunset at Yavanapura is nd. 7-20 later than that at Ujjain, the mean motion for na 
22-20, about 22', has to be added, and the required mean Sun at Epoch is ra. 1 1-29-49.3. (According to 
modern astronomy it is 11-29-37.2, assuming that at that period the vernal equinox coincided 
with the First point of Mesa. See how accurate the value is.) 

The rule is explained thus: We showed under 1.14 that in the Saura yuga of 1,80,000 years, i.e. 
1,80,000 mean solar revolutions, there are 6,57,46,575 days. Therefore, the revolutions for the 
givendays = days X 1,80,000 -s- 6,57,46,575 = days X 800 -s- 2,92,207, reducingthenumeratorand 
denominator by the factor 225. Now, according to the Saura, the revolution of the mean Sun was 
completed 442/800 days after Ujjaih mean-noon prior to Epoch. Therefore 442 eight hundredth 
parts have to be subtracted from the total number of eight-hundredths, and hence the deduction 
of 442. Though the original Saura is not obtainable now, yet from the Ardhardtrika system of 
Aryabhata, and the Khandakhddyaka following it, we can see that 442/800 day after the said Ujjain- 
mean noon the mean Sun's revolution was completed. The Epoch was near the end of Saka 427, i.e. 427 + 
3179 = 3606, Kali years gone. Kali began with Friday, Ujjain mean mid-night. For 3606 revolutions, the 
days (from the beginning of Kali) = 3606 X 2,92,207 -s- 800 = 13,17,123 42/800. Dividing out by 
7, we have the remainder 3 42/800, i.e. 42/800 days after midnight ending Sunday, the revolutions 
was complete. Since Sunday mid-day is half a day or 400/800 day earlier than midnight, it is 42/800 
-I- 400/800 = 442/800 day earlier, than the time of full revolution, as we have taken and used. 
Incidentally, we also got that it is Sunday mean noon, agreeing with the fact that the Epoch is at 
sunset at Yavanapura on that day. Further, we get that according to this Siddhdnta the length of the 
year is 2,92,207 -s- 800, days = 365- 15-31.5 days. 

«W»MWdHlft l A '«Wl$ll*«K«cK$' | 
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Mean Moon 

2. Multiply the Days by 9,00,000, deduct 6,70,217, and divide by 
2,45,89,506. The approximate mean Moon in revolutions etc. is got. 

3. Multiply the Days by 900, add 22,60,356, and divide by 29,08,789. The 
approximate Moon's apogee in revolutions etc. is obtained. 

4. Multiply the revolutions of mean Moon by 51, and divide by 3121. The 
resulting seconds of arc are to be subtracted to get the exact mean Moon. 
Multiply the revolutions of apogee by 10 and divide by 297. The resulting 
seconds are to be added to get the exact apogee. 

The Jollowing are the /ormulae: 

(i) Mean Moon in revs. etc = (Days X 9,00,000 - 6,70,2 1 7) -s- 2,45,89,506 - number of revolutions 
x 51" -s- 3121. 

(ii) Moon's apogee in revs. etc. = (Days X 900 + 22,60,356) -5- 29,08,789 + number of revolutions 
got x 10" -s- 297. 

Emmple 2. (a) Daysjrom Epoch - 5,28,931: Find the mean Moon. (b) Find the mean Moonjor Ujjain 
mean noon, immediately prior to Epoch, and for Epoch. 

(a) By formula (i), the approximate mean Moon = (5,28,931 X 9,00,000 - 6,70,217) + 
2,45,89,506 

= revs.f 19,359 - 4-11-31. 

= The subtractive seconds = 19,359 X 51 + 3,121 = 316. 

. ■ . Exact Mean Moon = ra. 4- 1 1 -3 1 - 3 1 6" = ra. 4- 1 1 -25-7 . 

(b) By formula (i), for the said Ujjain mean noon the approx. mean Moon = (0 X 9,00,000 - 
6,70,217) 2,45,89,506 

= - ra. 0-9-48.8 = ra. 11-20-1 1.2 

Adding the mean motion of apogee for 22 1/3 nadikas, 4°34'.3, the mean Moon at epoch = ra. 
11-25-5.5. 

(Note: The actual apogee got by modern constants is rd. 1 1-24-47.6, and we see the difference is 
only 18 minutes.) 



2b. 

A.mfa; B1.2.^#; B3.wfr 

c. B3.^fS?f; B 1 .3,«Kl¥jW; D.N<<4li|F*4 

3a. A.B2.^ 

b. A. J J U II0<4 B.W^. 

c. A.tMIKKtt 

d. A.HeURMd"?! 



4a. B1.2.fstWft°; B3.I^RTHf 
b. D.?pT 

c. A.#^. Bl.2. C.D.^ttJT; 

B2.f^nPf 
d. A.B.««*wil$ (B.-*Pir^); 

C. W^lHt ; D. W«-<H<4H$dl fspSF=ff: 



200 



PANCASIDDHANTIKA 



IX.4 



Example 3. (a) Days 5,28,931. Find the Moon's apogee. (b) Find the Moon's apogee for Ujjain mean noon 
prior to Epoch, and for Epoch. 

(a) By (ii) the approx apogee in revs. = (5,28,531 x 900 + 22,60,356) -h 29,08,789 
= Revs. 164-5-5-33.1 

The additive seconds = 164 x 10 + 297 = 6. 
Adding, the exact apogee = rd. 5-5-33.2. 

(b) For the said Ujjain mean noon, the apogee - (0 X 900 + 22,60,356) + 29,08,789 = ra. 9-9-45. 
Adding 2'. 5, the mean motion of apogee in 22 1/3 nddikds, the apogee at Epoch = rd. 9-9-47.5. 
(Note: The actual position was ra. 9-9-34. See how close this is.) 

The explanation for the formula relating to the mean Moon is as foUows: It was shown under 1.14 that 
in the Saurayuga consisting of 6,57,46,575 days there are 24,06,389 revolutions of the Moon. For 
the sake of convenience, the author has first assumed that in whole numbers there are 9,00,000 
revolutions in 2,45,89,506 days, intending to give a correction as a second step. Therefore we get 
that in 6,57,46,575 days there are 6,57,46,575 x 9,00,000 h- 2,45,89,506 revolutions = rev. 
24,06,389-0-10-55-27. 

Thus we get 10° 55' 27" more than what we should get, and this has to be deducted, proportion- 
ately to the revolutions got. For one revolution the deduction is, 10° 55' 27" /24,06,389 = 39,327"/ 
24,06,389. In the place of this fraction the author gives the approximate but simpler fraction 51"/ 
3121 , since the error caused will be only plus 4" in thc yuga. 

The manuscript reading, kharkdgni if read as khdrkdgni as done by TS and NP, ( = 5 1' 73 1 20) will 
cause an error of minus 8", which also is negligible but unlikely, since the author then would have 
given the reduced form, 17 "/1040. Thatiswhy we have read it as kuarkdgni, 3121. 

The deduction of 6,70,217 is explained in the manner of the Sun's deduction: We have seen that at the 
end of Saka 427, the end of 3,606 solar years from the beginning of Kali fell 42/800 days, i.e. nd. 3-9, 
after Ujjain mean midnight after Epoch. Under 1. 1 4 it was shown that according to the Saura there 
are 24,06,389 revolutions of the Moon in 180,000 years. Therefore, in 3,606 years the revolutions 
gone are 48,207.992966. At the beginning of Kali, the Moon, like the Sun, began a revolution, 
according to the Saura. So, .007033 revolution remains to be completed now. We have seen that for 
2,45,89,506 fractional parts there is one revolution. So, for .007033 revolution, the parts to go are 
2,45,89,506 X .007033 = 1,72,946. These must go after the completion of the solar year to complete 
the revolution. But the year ends nd. 3-9 + nd. 30 = nd. 33-9 from mean noon. In one day, there 
are 9,00,000 parts, and for nd. 33-9, the parts to go are 9,00,000 X 33.15 -s- 60 = 4,97,250. There- 
fore at mean noon the parts to go for completing the revolution are 1,72,946 + 4,97,250 = 
6,70,196. Since these have to go, this number is deducted from the total parts got by multiplying 
the days by 9,00,000. Here, the author gives 6,70,217 arrived at by using approximate work in the 
place of 6,70,196, for the difference is small, the error caused being only minus one second in the 
yuga. 

Nowfor the explanation of the rule to get the longitude of apogee: We do this using the element given 
in Aryabhata's Ardhardtrika system, or which is the same, in the Khandakhddyaka, since this is not 
given in 1.14, and the original Saura is not available. From them we learn that in the Mahdyuga of 
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1,57,79,17,800 days there are 4,88,219 revolutions of the Moon's apogee. If the approximate rule 
given as the first part is used, we get that there are, 900 X 1,57,79,17,800 -r- 29,08,789 revolutions 
= rev. 4,88,2 1 8-1 1-25-26-48 for the Mahdyuga. But this is 4° 33' 12" less than the correct value, and 
this latter has got to be added, per Mahayuga, i.e. for 4,88,21 9 revolutions. Therefore the addition 
for the revolutions gone is, revolutions gone X 16,392" -s- 4,88,219. In the place of this fraction the 
author gives 107297, as the difference is very small, for by using this the error will be only plus 2" 
in the Saurayuga of 1,80,000 years, which is negligible, especially in the apogee. 

If, instead of our (as also NP's) emendation, svararandhrayama, we make another emendation 
vasurandhrayama giving the fraction as 107298, then it will be very correct. As for our reading 
randhra in the place of the author's dasra, it is necessary since otherwise there will be an error of plus 
one degree and a half in the Mahayuga. That is why TS have given the emendation svaranandayama 
meaning the same as our reading, but randhra fits the letters better than nanda. 

The correctness of the ksepa is shown hereunder: 3606 years of Kali ended na. 3-9 after Ujjain mid- 
night next to Epoch. The revolutions of apogee for 3606 years = 4,88,219 X 3606 -s- 43,20,000 = 
407.52724861 1. At the beginning of Kali the longitude of apogee was 0.25 revolutions. Therefore 
at nd. 3-9 after the said Ujjain midnight, the longitude is 0.25 + 0.52724861 1 = 0.77724861 1 rev. 
The fractional parts (af 900 per day), for 0.77248611 rev. = 29,08,789 X 0.777248611 = 
22,60,852. This is the ksepa to be added at the end of the year. But Ujjain mean moon, for which 
we want the apogee, is nd. 33-9 earlier, and the parts for this interval = 900 X 33.15 -r- 60 = 497 
has to be deducted. .•. the ksepa is 22,60,355. The author gives 22,60,356, which differs by only one unit 
and causes practically no difference. 

4 (^)^ra^5inifg-^(xPT)qf?r'^(%») [?f]t^ti^: ||mi 



Rahu: Maximum latitude 

5. Multiply the days from Epoch by 2700, add 63,13,219 and divide by 
1,83,45,827. Revolutions etc. are obtained, to be used in getting Rahu. 

6. This deducted from twelve rdsis is the Rahu-head (i.e. ascending node of 
the Moon.) Rahu-head plus sixrafts is the Rahu-tail (i.e. descending node). At 
the (maximum) distance of 90° from Rahu (the node), the Moon's latitude is 
270 minutes (i.e., this is the maximum latitude.) 

5a. Al.B1.2.^Rn3^(B1.2.^) C.cSTST. B.*&- ^p^mt:; C. ^T: D.°s3§: 

b. A.?SW^:; B.«fcH¥K|: ; C^RW|; D.^T^- ga A B1 2 ^ 

B.^(B2.3.°%:) ,' • T ._ f , 

v ' b. A.^cT^gSST^T; D.^ for$J 

c. A.WT; B.*PW; C.om^; D.^T c A BL3ns fo. B2 . 3 .^r 

A -^* C.*; D.tlT^ 

d. A."5PjR»«W»»lljyd:; (A2.TOT:) B.^ d. A.B 1.2. ^ 1 fc? lcl) 
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The Head of Rahu in revolutions etc. = - (Days x 2700 + 63,13,219) + 1,83,45,827. 
The tail of Rahu = the above + 6 rdsis. 

As for Moon's latitude, for a maximum moon ~Rahu, equal to 90°, there is the maximum 
latitude, 270'. For other differences, lat = 270' sin (Moon ~ Rahu) + 120, as given in verse 25, 
which reduces to, lat = 9 sin (Moon ~ Rahu)/4. This is given by the Saura, and followed by all later 
Siddhdntas. 

Emmple 4. Compute Rdhu (a) for Ujjain mean noon prior to Epoch, and (b)for Epoch. 
(a) In this case, days from Epoch is zero. 

.-. Headof Rahu inrevs. = - (0 x 2700 + 63,13,219) + 1,83,45,827 = - rd. 4-3-53-3 = rd. 7-26-6-57. 

(b) SincetheEpochisno. 22-20 later,themotionforthisinterval,rev. 67/ 180 X 2,700+ 1,83,45,827 
= 1 ' 11 " has to be deducted: 

Rahu-head according to the Saura for the time of Epoch, viz. mean sunset at Yavanapura, is rd. 
7-26-5-46. ActuaUy it is rd. 7-26-0, and the difference is urithin 6'. The calculation of the latitude will be 
explained in the context of the computation of eclipses. 

The nde ofRdhu: Like that for the apogee, this rule must be derived from the constants given in the 
two works that follow Saura since the original Saura is lost. In the Mahdyuga consisting of 1,57,79,17,800 
days, there are 2,32,226 revolutions of Rahu, (i.e. Moon's nodes). Using the rule for Rahu here, we 
get, 2700 x 1,57,79,17,800 + 1,83,45,827 = rev. 2,32,226-0-0-46-2 of Rahu per^ga. Thisis46' 2" 
more than what we should get, but neglected by author as being small especially in a karana 
intended to be used for a comparatively short period, considering the fact that even in 1 0,000 years 
the error is only 6", which will not affect the result. That is why the second step of correction is not 
given, unlike in the case of the mean Moon and apogee. If a correction is wanted here also, multiply 
the revolutions by 10, divide by 848, and add the resulting seconds to Rahu. Or, instead of using 
1,83,45,827 as divisor use 1,83,45,827.2 i.e., in the rule, take the multiplier to be 27,000, ksepa 
6,31,32,190, and the divisor 18,34,58,272. 

At the end of 427 Saka or Kali years 3606, the revolutions to get Rahu = the longitude at the 
commencement + the revolutions in 3606 years. 

= V2 + 3606 x 2,32,226 + 43,20,000 

= 194+ 1,23,913/3,60,000. 

Omitting the full revolutions, the parts for the fraction remaining are the ksepa, for the end of 
3606 years Kali. 

Since there are 1,83,45,827 parts for a revolution, the parts oiksepa =1,83,45,827 X 1,23,913/ 
3,60,000 
= 63,14,684. 

Since we want the ksepa for Ujjain mean noon, nd. 33-9 earlier, we have to subtract the parts for 
this time. 

Since there are 2700 parts in a day, forna. 33-9 we have nd. 33-9 X 2700 + nd. 60 = 1492 parts. 
.-. the ksepa for mean noon is 63,14,684 - 1492 = 63,13,192. 
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The author gives 63,13,219, the difference, 27 parts, giving a difference of 2"in longitude being 
very small; for by neglecting a small fraction equal 1/7 in the divisor to make it a whole number, can 
give this difference. 

The readings here are extremely corrupt: Our explanation itself will show that the emendations 
we have made are necessary. We have read dvighanagaja as trighanasata while TS give the correction 
trighanadasa. The textual reading, carayamavasubhutdrnavaguriddhrtibhakta is corrected by us as 

svarayamavasubhutdr7iavagunadhrti-bhakte. But TS give the correction yamavasubhutdrnavagu- 
nadhrtibhih. Here it is improper on their part to omit two letters cara though they require this omis- 
sion since in trighanagaja they have given dasaior gaja, instead of sata given by us. Nothing is gained 
by reading dasa instead of sata for gaja. Further, by omitting eara which is a corruption iorsvara, the 
number 7 in the unit's place is omitted by them, with the result that in the yuga an error of plus 30° 
and more is caused in Rahu, while it is actually 46' 2" according to our correction. NP make the cor- 
rect emendation trighanasataghne but emend cara to kara. 

We have corrected dahanasabddh as dahanarasa which fits the rule as shown. But TS content themselves 
with remarking that here the numbers of the ksepa cannot be determined owing to the extreme 
corruption of the text. NP have made the emendation dahanasat here, which too will serve the 
purpose. 

That the Head of Rahu obtained by deducting what is got from 12 rdsis has been explained in 
dealing with the Paulisa. We read sahati in the text as navati, since the difference of 90° between 
moon and Rahu gives the maximum latitude, which is 270' according to the Saura, as also in all later 
Hindu Siddhantas like the Aryabhatiya. Or we may read it as mahati, since the greatest difference, 
viz. 90° will give the greatest latitude, viz. 270'. But TS read it as sahita, and give something 
farfetched and unacceptable. NP emend sahati as timira, which neither accords with the lettering 
of the manuscript nor give the sense 90° required here. That the latitude is proportionate to the 
sine of (Moon ~ Rahu) has already been explained in the context of the Romaka, and will also be 
shown below, in verse 25 of this chapter. 

' ojuums ^* q%»?^T(it) fsfem (^5)^mi 

OT^ ^cMM l A *rfgfr ^Ft || 6 || 

^4 ^l l iMdrliM d^Rb^ 'T5R§rT(fS)*l*T'*R¥nj | 

5mme^j> ch i j Rcncb^^w || ^ || 

(Trae Sun and Moon) 

7. The mean longitude of the Sun minus 80° is called the Sun's (mean) 
anomaly. The mean Moon minus its apogee is its (mean) anomaly. Multiply 
the sine of the anomaly of the Sun by 14, and that of the Moon by 31. 

8. Divide each by 360, and find their arcs. Put the Sun's arc in two places, for 
subsequent use. The arc of each is to be deducted from its mean longitude if 
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its anomaly is less than six rasis, and added if more than sixrafts. (The true Sun 
and Moon at Ujjain mean noon is got.) 

9. Multiply the Sun's arc, kept aside in one place, by the Sun's true daily 
motion, (in minutes), and that kept in the other place by the Moon's true daily 
motion (in minutes). Divide each by 21,600. Add or subtract the resulting 
minutes in the respective true longitude found, according as the Sun's arc was 
first added or subtracted. (The true Sun and Moon at Ujjain true noon is 
obtained.) 



The following are the formulae: 

(a) To get the true Sun: 

(i) Mean Sun - 80° = Sun's anomaly. 

(ii) Sine Sun's anomaly X 14 + 360 = sin Sun's equation of the centre. Its arc is the equation of 
the centre. (Eq.C). 

(iii) Mean Sun + Sun's equation of the centre = true Sun at Ujjain mean noon. (The upper sign, 
if the anomaly is less than 6 rdsis, lower if more.) 

(iv) iii + Sun's equation of the centre X Sun's daily motion in minutes + 2 1,600 = True Sun at 
true mean noon. (Addition or subtraction as in iii.) 

(b) To get true Moon: 

(i) Mean Moon - Moon's apogee = Moon's anomaly. 

(ii) Sine Moon's anomaly X 31 + 360 = sine Moon's equation of the centre. Its arc is the equation 
of the centre. 

(iii) Mean Moon + Moon's equation of the centre = true moon, at Ujjain mean noon. (The 
upper sign, if the Moon's anomaly is less than 6 rdsis, lower if more.) 

(iv) iii + Sun's equation of the centre X Moon's true daily motion in minutes + 21 ,600 = True 
Moon at true noon. (Addition or subtraction as in (a) iii). 

Example 5. Days = 5,28,931. Find the true Sun at true noon, Ujjain. 

From example 1 (a) the mean Sun = rd. 1-5-15.7. The longitude of Sun's apogee is 80°. From these 
two: 

(a) (i) The Sun's mean anomaly = rd. 1-5-15.7 - 80° = rd. 10-15-15.7. 

(ii) Since anomaly = sine rd. 10-15-15.7 = Sinra. 1-14-44.3 = 84' 27", .-. Sine equation of the 
centre = 84' 27" X 14 + 360 = 3' 17". 

.-. Equation of the centre = arc 3' 17' = 1° 34'. 1. 

(iii) True Sun at mean noon = rd. 1-5-15.7 + 1° 34'. 1 = rd. 1-6-49.8, (addition because the 
anomaly is greater than 6 rdsis) . 

(iv) True Sun at true noon = ra. 1-6-49.8 +1° 34'. 1 X 57.4 + 21,600 = ra. 1-6-49.8 +0'.3 = rd. 
1-6-50. 1 . (That the daily motion of the Sun is 57'.4 will be given under verse 13, below.) 



8a. B.TTH= A.cr5HTC.ft:f^; B.T3fWcT 



7a. A.^il<HJlfi^; B.3WI¥lc4)fsiH) 

b. A.Bl.2.%9»- Al.^cl; A2.^I; B.^RT 

c. A.Bl.°cMl4>« 

d. Al.^JpRIT; A2.^TcTr 
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d. A2.^ 



IX.9 



IX, SAURA-SIDDHANTA — SOLAR ECLIPSE 



205 



Example 6. Find the true Moon at true noon at Ujjain, the Days being 5,28,931. 

From example 2 (a), the mean Moon for 5,28,931 days gone is rd. 4-1 1-25.7. From ex. 3 (a) the 
Moon's apogee for the given days gone is, ra. 5-5-33.2. From these, 
(b) (i) The Moon's anomaly = ra. 4-1 1-25.7 - ra. 5-5-33.2 = ra. 1 1-5-52.5. 

(ii) Sine anomaly = sine ra. 1 1-5-52.5 = sine ra. 0-24-7.5 = 49' 2". 
Sine equation of the centre = 49' 2" X 31 - 360 = 4' 13".3. 
Equation of the centre = arc 49' 2" = 2° 1 '. 

(iii) True Moon at mean noon = ra. 4-1 1-25.7 + 2° 1' = ra. 4-13-26.7. 

(iv) True Moon at true noon = ra. 4-13-26.7+ 1°34M X 729.1 - 21,600 

= ra. 4-13-26.7 + 3'. 2 = ra. 4- 13-29.9 (That the Moon's daily motion is 729'. 1 willbe seen from 
example under verse 13 below. The addition is as the Sun's Eq.C.) 

It should be noted here that the apogee of the Sun, given as 80° is too far from the correct apogee 
for the time of the workuiz. 77° 19'. There is no doubt about the reading here, since the Ardhardtrika 
and the Khandakhddyaka too give 80°. So much error is unbelievable in the Saura, and must be 
explained thus: At first the practice might have been to get the mean longitude of the Sun for the 
days from the commencement of the true solar year and 80° deducted to get the anomaly, for this 
would be equivalent to deducting about 77° 50', (since the Eq.C at this time is about 2° 10'), from 
the correct mean Sun, not much different from the correct 77° 19' to be deducted. Later, by some 
mistake, the deduction of 80° was instructed to be done from the correct mean Sun itself. The 
apogee for the time computed by the Modern Surya Siddhdnta is 77° 15'. 

From the instruction to multiply the sine of the Sun and Moon*s anomalies by 14 and 3 1 , respec- 
tively, and divide by 360, to get the sine of the respective equation of the centre, we see that this 
Siddhanta actually uses epicycles like the Aryabhatlya etc, though not mentioning the word, and we 
can say that epicycles appear in the Hindu Siddhantas for the first time in the Saura, and the others 
following using epicycles and excentries. The Modern Surya Siddhdnta gives the same degrees of 
epicycle for the Sun, but 32° for the Moon instead of 31°. Further, in the Saura, the epicycle is 
uniform, while in many Siddhantas like the Aryabhatiya there is difference between the degrees at 
the ends of odd and even quadrants. For instance, the degree of epicycle mentioned above for the 
Sun and the Moon in the Surya Siddhdnta is for odd quadrants, being less by 20 minutes at even 
quadrants. 

The computations mentioned above can be simplified, since the multiplier and the divisor are 
constants and small arcs are proportionate to the sines. Thus, we can get the Sun's Eq.C. in minutes 
by multiplying its sine anomaly by 1 . 1 14. In the example, multiplying 84' 27" by 1 . 1 14 we get 94' 
6", the equation of the centre. We can get the Moon's Eq.C. by multiplying its sine anomaly by 
2.467, and if the result is in ĕxcess of 225 minutes, adding 1/235 of the excess to the result. In the 
example, multiplying 49' 2" by 2.467, we get the equation of the centre, 121' 3". In the same way, 
we find the Sun's maximum equation of the centre to be , 120' X 1.114 = 133'.7. The correct 
maximum for the period of our author is 1 1 9'. 5. The large difference is due to the Moon's Annual 
Equation being wrongly applied to the Sun with its sign changed, in Hindu astronomy, as already 
alluded to, since by doing so the tithi is not affected, the constants having been derived by the 
analysis of the syzygies, which are, in essence, ends of particular tithis. Adding the maximum 
Annual equation to the correct equation of the centre of the period, we have 13 1'. 5. See how close 
this is to the value, 133.7 of the Saura, and how far from the 140' of the Paulisa, and the 143' of the 
Romaka and of Ptolemy. 
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In the same way, the maximum of the Moon's equation of the centre is 120' x 2.467 + (120' 
x 2.467 - 250) + 235 = 296' + .3' = 296' .3. This too was determined by analysis of syzygies at the 
occurrence of eclipses. According to modern astronomy, the mean of the maximum equation of 
the centre of the Moon at true syzygies is 297 '.3, a difference of only one minute! (At mean syzygies 
it is 303'.5). 

Epicyclic theory 

We shall now proceed to explain the epicyclic theory of planetary motion, used by this Siddhdnta, 
and show how it works, by relating it to the modern theory, which latter is as follows: The earth and 
the other planets like Mercury etc. move round the Sun in eclipses, with the Sun at one of the two 
foci. The point nearest to the Sun on the ellipse is the perihelion, and the most distant, aphelion, 
which, from the point of view of the earth, are called the perigee and apogee, respectively. In the 
same manner, the Moon moyes in an eclipse round the earth at one focus. This fact relating to the 
planets was first discovered by the European astronomer Kepler and is called Kepler's First Laui of 
planetary motion. The line joining the Sun and the planet (or the earth and the Moon), called the 
radius vector, sweeps equal areas in equal time. This is Kepler's Second Law of planetary motion. 
From this it can be readily inferred that the motion of the planet is swiftest at perihelion (or perigee 
for the Moon) and lowest at aphelion. Kepler's ThirdLaw, that the square of the periodic time of the 
planets round the Sun is proportionate to the cube of the distance, is not wanted for our purpose 
here. The celebrated astronomer, Newton, showed that all the three laws follow from his Theory of 
Unwersal Gravitation, that all bodies attract one another with a force proportionate to their masses, 
and inversely proportionate to the sbuare of the distance between them. 

But ancient Indian astronomers held the view that the earth is the centre round which the Moon, 
Sun and planets move. All the motion is in circles, and uniform. To explain the non-uniformity of 
the apparent motion caused by the equation of the centre, it was assumed that these bodies moved 
in circles called epicycles, (manda-vrttas), the centres of which moved in circles round the earth as 
centre. In the case of the star-planets, another set of epicycles called epicycles of conjunction or 
sighra-urttas were assumed, the effect of which is to convert helio-centric positions into geocentric. 
As the observers are on the earth, it is geocentric positions that are wanted, and therefore giyen, 
whether by Hindu astronomy or by modern western astronomy. The inaccuracy in the positions 
given by the former is due to unawareness of the elliptic motion and the inability to observe accu- 
rately for want of adequate instruments, with the result that small errors in the constants accumu- 
lated in course or time, to give large errors. 

It has been said that whether the heliocentric theory is adopted or the geocentric theory, the 
result in so far as this goes, is the same. Then, it may be asked, is it not better to adopt the geocentric 
theory which agrees with our perception? No. There is a clinching proof for the motion of the earth 
round the Sun, in the phenomenon of aberration which makes the Sun and star planets appear to 
be a little in advance of their real positions, the quantity being so small that very accurate measure- 
ment is required to find it, capable only by modern instruments. The heliocentric theory is also 
simpler, and satisfies the requirement of least assumption. 

Adhering to only circular motion, so satisfying to their minds, the ancients had to get the equa- 
tion of the centre, caused by the motion on the ellipse. They sought to achieve it in two ways, by 
using epicycles, as indicated already, or excentric circles, or both. How the ex-centric is used for the 
purpose is explained as follows: 
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Ex-i 




Fig. IX. 1-a. 

The earth E, is the centre of the Orbit-circle, of 'radius' equal to the sine of Three rasis (120' in 
this work). O indicates the first point of Mesa, in the direction EO. EA is the direction of apogee, A, 
O EA being the longitude of apogee (P is the perigee). X is the centre of the ex-centric circle on 
which the Sun, Moon or star-planets move uniformly according to the mean motion. X is on EA, 
at a distance, towards A, equal to the sine of the maxi-minimum Eq. C. S is the position of the body, 
angle SXO' being the mean longitude of the body. XO' also is directed to the first point of Mesha. 
EO and XO being practically parallel. ASX = mean longitude - longitude of apogee = mean ano- 
maly. 

SEO is the true longitude, which has got to be found. Since XO' and EO are parallel, SEO = 
SXO' - XSE, where XSE is the Eq. C. Since XSE changes sign on the right hand side of PA, SEO 
= SXO' +XSE on that side. Thus we have that in the first case, when the body is from apogee to 
perigee, i.e. when the anomaly is less than six rasis, the equation of the centre is subtractive. In the 
second case, where the mean anomaly is more than six rasis, is it additive. 

Next, for the equation of the centre. If the maximum Eq.C, represented by EX, is small, as in 
general, then taking SE and SX to be practically equal, sine Eq. C = sine XSE = XE. sine SXE h- SE 
= XE. sine SXA -5- SX 

= max Eq.C X sine mean anomaly + 120' (120' being the radius). 

In this computation, the astronomers belonging to the school of Aryabhata find the Eq.C using 
the actual radius vector, SE, in accordance with the geometric representation. But Bhaskaracarya 
in his Siddhdnta Siromani does not use it, and gives reasons for not using it. Now, if degrees of epicycle 
are given, as in this Siddhdnta, instead of sine maximum Eq. C, these degrees are multiplied by 120' 
and divided by 360° to get sine maximum Eq. C. (i.e. EX). Therefore, sine Eq. C = (degrees of epi- 
cycle x 120' + 360°) x sine anomaly -s- 120' 
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= degrees of epicycle X sine anomaly -s- 360°, as in the text. 
We shall now see how the use of the epicycle gives the Eq.C. 




To first pt. of Mesa 



Fig. IX. 1-b. 

Here too, E, the centre of the earth is the centre of the orbit circle of radius 120'. On the orbit 
circle the centre C of the epicycle on which the body S is situated, moves according to the mean 
motion of the body. The radius of the epicycle is the degrees of epicycle given in the text X 120' + 
360° which is the maximum Eq.C, as already seen. At the two points of intersection of the epicycle 
with ihe line of apogee, EA, arc A the apogee, and P the perigee. The body moves on the arcumference 
of the epicycle, with its mean motion in the direction opposite to the motion of C. Angle ACS is the 
anomaly. 

Now draw EA' parallel to CS. Then angle AEA' also is the anomaly. Since CEO is the mean 
body A'EO isequaltothelongitudeofapogee.SinceSEO is the true longitude and CEO is the 
mean longitude, angle CES is the Eq.C. Therefore f mean longitude minus Eq.C. = true long, (the 
anomaly being less than 6 rasis in the figure. If the anomaly is more than 6 rasis, S is greater than P, 
and the Eq. C. becomes additive). The Eq. C. is got in the same way as in the excentnc method. 

We have now to show that in either of the methods, the Eq. C. is the same, i.e. angle XSE in 
fig la = angle CES in fig lb. In the two triangles XSE and CES in the respective figures, it has been 
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said that EX is equal to CS. XS is equal to CE, both being equal to 120'. Angles SXE and SCE are 
also equal, since they are 180° minus the equal mean anomalies, SXA and SCA. Therefore, the two 
triangles are congruent, and so angles XSE and CES are equal, as required to be shown. In the 
matter of the correctness of the degrees of epicycle we have to take the authority of the work. That 
it agrees with the Original Saura can be seen, the same being found also in the Ardhardtrika system 
and Khandakhadyaka. 

Bhujantara correction 

We shall now show why the correction called Bkujantara is done. The Days used in the rbrmulae are 
mean solar days. (That is why the mean longitudes are taken to be proportional to them.) There- 
fore the true longitudes got are for mean noon. But we want the longitudes for true noon. So we 
have to apply a correction which is the motion during the interval between mean and true noons. 
If the Sun's Eq.C. is positive it is east of its mean poskion, and reaches the mendian later than mean 
noon by a certain number of prdnas iprdna = 4 seconds of time, one sixth of a mnddi) equal to the 
number of minutes of arc. Being later, the Sun and Moon's motion during the interval has to be 
added. If the Eq.C. is negative, then the true Sun is west of its mean position and true moon is earher. 
Therefore the motion is to be subtracted. The motion in the interval is found by the proportion: 
(Since there are 21600 pranas in a day) 21600: daily motion :: Minutes of Sun's equation of the 
centre: motion during the interval. From this it can be seen that this correction has got to be done 
not only to the Sun, but also to the Moon and the star-planets as well. 

Udayantara correction 

We must add that this correction for equation of the centre is not sufficient. Another correction 
has got to be made for what is called Udaydntara or reduction to the equator, i.e. reducmg the 
motion on the ecliptic to motion on the celestial equator which is the circle on which time has to be 
measured. Both these corrections form the equation of time, being the interval between true and 
mean noons. But Hindu astronomers prior Snpati were unaware of this correction. 

^^qfeR^f^T?Tt«ZlT^^T^ II *° II 



Desantara correction 

10 One nadi for every 53 1/3 yojanas has to be deducted or added (to Ujjain 
noon) by people in places east and west, respectively, of the Ujjain mendian, 
(to get their own noon.) 
Uiiain was the Greenwich of the Hindus, and the line of longitude passing through Lahka Ujjain 
and the North pole was taken as the prime longitude. It is well-known that noon occurs earher and 
earlier as the longitude of a place is more and more east, and vice versa. The author says that for 
every 53 1 /3 yojanas of distance east or west, there is one nddi earlier or later. The idea is that there- 
fore the daily motion of the body should be multiplied by the nddis got dmded by 60, and the 
resulting minutes of arc should be subtracted or added to the true longitude, according as the place 
is east orwest, to get the longitude for local noon. 
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Example 7. Days, 52931. Benaras is east of Ujjain longitude by 68yojanas. Find the trueMoon at noon at 
that place. 

From example 6, the true Moon at Ujjain noon is ra.4-13-29.9. The difference in time for 
Benaras = nddikds (68 53 1/3), earlier. From this, the correction for local noon = 729'. 1 X 68 
(53 1/3 X 60) = 15'.5, subtractive. (The Moon's daily motion for the day will be shown to be 729'. 1 
under verse 13.) 

.-. The true Moon required = rd. 4-13-29.9 - 15'.5 = ra.4-13-14.4. 

The instruction is explained thus: The author takes it that for th'e region of Ujjain the length of 
the latitude circle is 3200 yojanas. The Sun, in its apparent diurnal motion westward goes once 
round the circle in 60 nddihds, crossing all the meridians on the earth. There are thus 3200 -r 60 = 
53 l/Syojanas for one nddi, and a place east by this distance has its meridian crossed by the Sun, i.e. 
its noon earlier by one nddi, and west, later. The motion for this time is calculated by the proportion, 60 
nddis: daily motion : : the nddis got: the motion for the same. That the motion is deductive if the noon is 
earlier, and vice versa is plain. (This is for direct motion, the Sun and the Moon alone being considered 
here. If the daily motion is retrograde, as is possibie in the case of the star-planets, it is obvious that 
the subtraction and addition have to be reversed.) 

But it is to be noted that in the Ardharatrika of Aryabhata and in the Khandakhddyaka, the diameter 
of the earth is given as 1 600 yojanas from which the equatorial circumference got is 5027 yojanas. 
Therefore the Original Saura must have given the same values. The Modern Surya Siddhdnta, and the 
Siddhdntas that follow it also give the same. From this the latitude circle at or near Ujjain should be 
given according to them as 5027 cos 24° = 4600 yojanas. According to the Aryabhatiya, which uses a 
yojana measure one and a half times that of Saura etc, the equatorial circumference would be 3300 
yojanas. From this, it is 14° latitude circle that would be 3200 yojanas, and not Ujjain latitude circle. 
Why should the author use the yojana measure of the Aryabhatlya instead of that of the Saura, and 
in that why should he use the yojanas of the 14° latitude circle instead of the Ujjain (24°) latitude 
circle seems inexplicable. 

^5T(1?r:) qtd¥ l <M : F3^fwfef^T^T ^P: | 
Nfe4ch> fachHK>Hch ^ W^n ^iV I > : || U || 

M ean motion of the Sun and the Moon 

1 1 . The mean daily motion of the Moon is 790' 34", and that of the Sun is 59' 
8". 

These can be derived from the mean motions of the Sun and the Moon given in the first and 
second verses. In the former it is said that in 2,92,207 days there are 800 revolutions of the Sun. 
.-. 800 revolutions h- 2,92,207 = 59' 8", the motion for one day. In the latter, we have that there are 
9,00,000 revolutions of the Moon in 2,45,89,506 days. .-. the motion per day = 9,00,000 revolu- 
tions -5- 2,45,89,506 = 790' 34". The correction in verse 4 is too small per day to consider. 
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Motion of Moon's anomaly 



12. The daily motion of the Moon's apogee is 6 2/3 minutes. The Moon's 
mean daily motion less the motion of the apogee is the daily motion of the 
Moon's (mean) anomaly. The true daily motion is to be found using this 
motion of anomaly. 



We get that the daily motion of the Moon's anomaly is 790' 34" - 6! 40" = 783'54". The Sun's 
mean daily motion itself is the motion of its anomaly, since its apogee has no motion according to 
this Saura, as we have already said. Even if motion is taken into account, it is so small that it is prac- 
tically nothing per day. 

The rule to get the daily motion of Moon's anomaly is explained thus: From verse 3 above, we 
see that there are 900 revolutions of Moon's apogee in 29,08,789 days. .-. in one day, the motion is 
900 revolutions -r- 29,08,789 = 6' 41". The correction perday is practically nothingand soleftout. 
The author gives it as 6' 40", for convenience of expression, since the 1 ' left out will not affect the 
result materially. Since anomaly is mean longitude minus longitude of apogee, the motion of 
anomaly is mean motion minus motion of apogee, for it is the daily motions that add up to form the 
longitude. 



13. The daily motion of anomaly should be multipiied by the current sine- 
interval and divided by 225. This should be reduced to the epicycle, i.e. 
multiplied by the degrees of epicycle and divided by 360°. The change in sine 
Eq.C, is got. Its arc should be subtracted from the mean daily motion, if the 
anomaly falls within rasis 9 to 3, and added if it falls within rdsis 3 to 9. 

14. This is the true motion per day, for the moment (for which the anomaly 
is taken.) The true daily motion in the case of the Moon is got by subtracting 




True motion of Sun and Moon 



12a. B.RRMwi 
b. A.Tfl%?T 

d. B.^^Rbai^; A.anrcr 
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the previous day's true Moon from the given day's true moon. The daily mean 
motion, multiplied by 120' and divided by the momentary motion per day is 
the radius vector at the moment. 

The following is given here:- 

(A) (i) The daily change in sine Eq.C. for short interval = the interval in the tabular sine of 
anomaly current X daily motion of mean anomaly X degrees of epicycle h- (225 X 360). 

(ii) The daily change in Eq.C. in minutes of arc = (i) X 3438 h- 120. (since the sine is small and 
there is no difference between sine and arc). 

It should be noted here that it is possible to simplify the above work, because the daily anomaly 
and the degrees of epicycle are fixed for each body, and the rest are constants. Only the interval 
in the tabular sine of anorrtaly current varies. For instance, the Moon's daily motion of anomaly is 
783'.9, and epicycle 31°. Therefore, the daily change in Eq.C. in minutes of arc 

= theintervalinthetabularsineof anomaly current x 783.9 x 31 x 3438 -h (225 x 360 x 120) 
= described interval X 8.6. 

For the Sun it is, interval in the tabular sine of anomaly current X 59.1 X 14 X 3438 -5- (225 X 
360 X 120) = interval etc x .29. 

(ii) The daily rate of true motion for the moment = mean daily motion ± (ii) (additive if anomaly 
is from rdsis 3 to 9 and subtractive if from 9 to 3.) 

(B) The true daily motion = the given day's true longitude - the previous day's true longitude. 

(C) The radius vector at the moment = 1 20 X mean daily motion + the daily rate of true motion 
for the moment. 

i 

The sine interval of anomaly used in computing the true Moon or Sun for noon can easily be 
used to find the daily rate for the noon in question. It is this that should be used for Hnding the 
motion during the interval between mean and true noons, as we have done already, and in correcting 
for longitude. In eclipses also this true daily rate with radius vector, for the moment of syzygies 
should be used, because this will give the circumstances accurately. This seems to be the author's 
idea in giving these here. As for the Sun, there is no distinction either in the rate or radius vector 
between those for the day or for the moment. This is indicated by making the distinction in the case 
of the Moon alone, using the expression sasivisesdt. 

Example 8. For the Ujjain true noon of examples 5 and 6,find~ the true motion (a)for the Moon (b)for the 
Sun. 

(a) In example 6, the Bhuja, i.e. sin of Moon's anomaly got is rd. 0-24-7. 5. Sines being given for 
every 3 3/4 degrees, the current sine interval is the seventh, equal to 7' 9". 

.-. By (A ii), the daily change in Eq.C. = 7' 9" x 8.6 = 61 '.5 

By (A iii), the true motion for the said noon = 790'.6 - 61'.5 = 729'. 1, (subtraction since 
anomaly is between rd. 9 to 3). 



14a-b. A.B.C.D.^ITSt 

b. A.B2.^;B1.2.«^;C.D.*ltM 



d. Bl.2.^ A.B1.2f<n:; B3.WH: 



IX. 15 



IX. SAURA-SIDDHANTA — SOLAR ECLIPSE 



213 



(b) The Bhuja or Sun's anomaly in example 5 is rd. 1-14-44.3. The current interval, 12th, is 5' 44". 

.-. by (A-ii), the daily change in Eq.C. = 5' 44" X .29 = 1 ' .7. By (A iii), the true motion = 59'. 1 - 
1'.7 = 57'.4, (subtraction since anomaly is between rd. 9 and 3). 

Emmple 9. For the noon of example 8,find the Moon's radius vector. 

By(C),theradiusvectorrequired = 120' X 790'.6 -r- 729'. 1 = 130'. 1. 

The following is the explanation of the rules: The true motion during any interval between two 
moments is the difference between the true longitudes of the moments. The shorter this interval, 
the more accurate is the motion. In the rule, all factors excepting the sine of anomaly are constants. 
Therefore the accuracy of the motion depends on the sine of anomaly only. In the case of the 
Moon, the motion of the anomaly being rapid, there is significant difference in the sine from time 
to time even within the day, for four or even five sine intervals pass in a day, with the result that the 
motion is got differently for different times. So the motion has got to be found for shorter periods 
like the ydma in the day, and this is the motion for the time being. For every 225' of anomaly there 
is one sine interval. So, during the time for which the anomaly interval is current, the change m sine 
Eq.C. is caused by the corresponding sine interval current. Therefore, the change in sine Eq.C. is 
got by multiplying the current sine interval by the degrees of epicycle, and dividing by 360, for the 
period covered by the corresponding anomaly interval of 225'. From the change in sine Eq.C. the 
change in Eq.C. is got in minutes (by multiplying by 3438 and dividing by 120, as we have done). 
This change is for the time to which the current 225' interval of anomaly corresponds. It is 
converted into the change per day by multiplying by the daily motion of anomaly in minutes and 
dividing by 225. This is applied to the mean daily motion to get the daily rate. 

Now, we know that the Eq.C. is zero when the anomaly is zero, that it is negative and increases 
numerically in the first quadrant of anomaly, i.e. upto 3 rdsis, then decreases numerically, still being 
negative, to the end of the second quadrant, i.e. upto 6 rdsis where the value becomes zero again, 
then in the third quadrant it is positive and increases to a maximum at 9 rdsis and then decreases 
in the fourth quadrant to zero at the end of 12 rdsis or zero. From this it can be seen that the Eq.C. 
goes on decreasing as the anomaly passes from 9 rdsis to 3 rdsis i.e. the change is negative or subtrac- 
tive, and goes on increasing as the anomaly passes from 3 rdsis to 9 rdsis, i.e. the change is positive 
or additive, as instructed by the text. No harm will ensue from the instruction to multiply and divide 
the sine interval first and then reduce it to the epicycle, since the sine is small. It is to be noted well 
that the motion per day found is not actually the motion in the day, but only the rate during the 
short interval or moment taken in the day. That is why the motion for the day is given by a separate 
rule, for the Moon, In the case of the Sun there is no distinction between the two, since the daily 
motion of the anomaly is small. The rule for the radius vector has been explained already when 
dealing with the Romaka. 
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Kak$a of the Sun and the Moon 

15. The Sun's radius vector multiplied by 5347 and divided by 40 is called its 
kaksd. The Moon's radius vector multiplied by 10 is its kaksd. 

It is to be noted that the kaksa obtained here, depending as it does on the radius vector is also for 
the moment taken and its neighbourhood. We can also derive it directly from the daily rate of 
motion obtained from verses 3-14, above. Thus: 

(a) The Sun's kaksd = Sun'si radius vector X 5347/40 = (120 X 59.13 + Sun's daily rate of motion) 
X 5347/40 = 9,48,558 -s- Sun's daily rate of motion. 

(b) The Moon's kaksd = Moon's radius vector x 10 = (120 X 790.56 Moon's daily rate of 
mouon) X 10 = 9,48,680 -5- Moon's daily rate of motion. 

Emmple 10. Pudukkottai (Lat.10" 24'), on a particular day, new moon falls at nd.20-40 after sunrise. At 
that moment, the longitude of the sun = the longitude qf the Moon = ra.2-0-0. The Rdhu-head, at that time is 
rd. 7-29-24. The Suns rate of motionfor the time is 57' per day and the Moon's 810'. The daytime is nd. 31- 
20. Compute the solar eclipse occurring. 

For this, the kaksd is found first: 

(a) The Sun's Kaksd for the time = 9,48,558 -s- 57 = 16,641 
(b) The Moon*s for the time = 9,48,680 + 810 = 1 171.2 

The author does not use the word kaksd here in its usual sense of orbit, but for the actual distance 
reduced by some factor, for the orbit is constant, while what we get here is a quantity varying with 
the rate of motion. Since only the proportion of the distances of the Sun and the Moon from the 
earth is significant, the reduction will not cause any error. That is why, the word yojana giving the 
measure of distance, is not used here. 

Now, the mean kaksd, derived from the mean radius vector, 120', is for the Sun, 120 X 5347 + 40 = 
16,041. For the Moon it is 120 X 10 = 1200. These obviously are the respecuve reduced mean dis- 
tances from the earth. In the Original Saura the Sun's orbit is given as 6,89,358 yojanas, and the 
Moon's 51,566 yojanas, as we learn from the Ardhardtrika system etc. Since the mean distances are 
proportionate to the orbits etc, if the Moon's orbit, 51,566, is reduced to 1200 as here, the Sun's 
orbit, by the same factor, must be reduced to, 6,89,358 X 1200 + 51566 = 16,042. This agrees very 
closely with 16,041 got above. The difference of one may be due to giving the multiplier correct to 
the nearest whole number, as 5347. Further, the orbits, which is the same for our present purpose 
as saying distances, are inversely proportionate to the yuga cycles given in the Sastras. Therefore, 
from the Saura cycles of Sun and Moon in 1. 14, by the proportion 1 ,80,000:24,06,389 : : 1 200: x, we 
get 16,042 for x, the Sun's reduced mean distance, when the Moon's is 1200. 

This agreement is the justification for our correcting the reading drighna into digghna. But TS 
correct it into gnighna. Also, they correct khar into khdrku though there is the alternate reading 
khakrta fitting correctly in the rule and adopted by us. By their corrections the Sun's mean kaksa 
will be 5347 and the Moon's 360. Thus the Sun's kaksd becomes, 5347/360 ( - 14.85) times the 
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Moon's, against the fact that it is only 13.37 times from the Sastras, and what they give is equal to 
saying that there are 14.85 revolutions of the Moon in the year for the kaksds vary directly as the 
periods of revolution, i.e. inversely as the number of cycles in a given period. We shall also see what 
havoc their wrong corrections play in the angular diameters following. 

Measure of the orbs 

16. Divide 5,14,787 by the Sun's kaksa, and 38,640 by the Moon's to get the 
respective angular diameters in minutes at the time. 

It is to be noted that the angular diameters (of the orbs of the Sun and Moon) are always given 
in minutes by our Sastras. Thus, 

(a) The Sun's angular diameter in minutes = 5,14,787/Sun's kaksd. 
(b) The Moon's angular diameter in minutes = 38,640/Moon's kaksa. 

Emmple 11. To continue the problem of example 10,find the angular diameters of the Sun and Moonfor 
the time given. 

(a) The Sun's angular diameter = 5,14,787' -h 16,641 = 31'.0. 
(b) The Moon'sangulardiameter = 38,640' ^ 1 171.2 = 33'. 0. 

The derivation of the rules for the angular diameters is as explained below. The angle formed 
at the eye by the diameter of the orbs of the Sun and the Moon is their angular diameter and given 
in minutes. We all know from experience that the nearer the orbs, i.e. the lesser the radius vector 
(given in yojanas), the greater is the angle, and the farther away is the orb, i.e. the greater the radius 
vector, the lesser is the angle. Thus the angle and the radius vector are in inverse ratio, as also the 
kaksd which is directly proportionate to the radius vector. So we have: 

Sine angle at the eye = 120 X diameter in yojanas + the radius vector myojanas. 
The angular diameter in minutes = 3438 X 120 X diameter myojanas + (radius vector in yojanas 
x 120.) 

Here, the author has reduced the diameter in yojanas by the same factor used in verse 15 to 
reduce the radius vector myojanas to the kaksd, and multiplying by 3438, as explained already, to 
convert the sine into minutes, he has given 5,14,787 for the Sun, and 38,640 for the Moon. The 
mean kaksd of the Sun derived by us in the explanations is 16,042. Dividing 5,14,787 by 16,042, we 
have the Sun's mean angular diameter, 32'. 1, and the Moon's is 38,640 -M200 = 32'. 2. 

16a. A.B1.2.T3*PRj«ij°; C.D.«sfl^sl$H ^ 
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The angular diameters derived from the Original Saura (and the modern Surya 
Siddhdnta) are 32'. 3 and 32'.0, respectively. Though the difference is small, we must investigate 
why there is a difference at all. The error is about 160th part of itself in each case. Either the author 
has taken values slightly different from those of the Original to derive the numbers here, or there 
are some errors in the readings here. 

Now for the readings. The first foot of the verse is in excess by one mdtrd. There are eight digits 
in the number, khukhavasu-khamunindravisaydh, though there should be only six digits. So we have 
corrected khakhavasukha into svaravasu following the form of the letters also. TS correct it as 
khavasukha etc, giving seven places in the number, as 5147080. By this, the dividend has become 
ten times what it actually is. Since they give the divisor, viz. the Sun's kaksd, as one third of the actual, 
(as seen already), they have made the angular diameter in minutes, thirty times the actual. Unaware 
of the mistakes they have made they wonder why the angular diameter comes thirty times the 
actual, and make the following curious comment: The correct angular diameters can be got only 
by dividing what we get here by 30. But the author does not say anything about dividing by thirty. 
Perhaps in his days there was the well-known understanding that what is got is to be divided by 30 
to get the angular diameter. That is why, we surmise, the author has not instructed the division by 
30 ! ! (vide page 50 of the Sanskrit commentary.) All this is the result of the errors in their correction 
of the readings. NP too have sensed the error here and emend the expressions as khauasukha 
muninduvisaydh (5,17,080), with the result that "the radius of the Sun is about four times the radius 
of the earth, the radius of the Moon about one third" (pt. II, p.73). 

In the same way, there is one maJtrd less in the second foot. Therefore, supplying the lost letter 
we have read khakrtartusugandh as khakrtartuvasugundh. NP too, do the same. By this we get the five 
places required in the dividend. But TS read it as khakrtartusuragundh, thus making the dividend 
nine times what it is. They have already made the divisor, the moon's kaksa, three tenths of what the 
author has said it is. By this the angular diameter of the Moon also has been made thirty times the 
real value, by them, again rousing their wonder in the manner mentioned before. 



17. Find the interval between midday and the moment of new moon. If the 
Sun is east of the meridian (i.e. if new moon falls in the forenoon), find the 
degrees of right ascension corresponding to this time using the ascensional 
differences of zero latitude, {laiikodayarnana.), backwards from the Sun. 
Subtract these degrees from the Sun ( = Moon) of the moment of new moon. 
If the Sun is west of the meridian, (i.e. if new moon is in the afternoon), find 
the degrees corresponding to the interval counting forward from the Sun, 
and add to Sun ( = Moon). 
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18 The meridian point of the ecliptic (madhyalagnam) is got. Find its dechna- 
tion, north or south. If north, fmd the difference between the dechnation and 
the latitude of the place. If south, add them. The sine of the result is called 
madhyajyd, i.e. sin zenith distance of the point. 

The madhyajyd is got thus: 

(i) Interval between noon and new moon = time of noon ~ time of new moon. 

(ii) The degrees of rise of the ecliptic, backward or forward from the Sun, using the corresponding 
ascensional differences of zero latitude, for the interval in (i) in the forenoon or afternoon respectively 
is to be found. 

(iii) (Longitude of) meridian ecliptic point = The Sun (or Moon) at new moon + (ii), ( - for fore- 
noon, + for afternoon). 

(iv) The declination north or south of (iii) is to be found. 

(v) Sine zenith distance of m.e.p. in (iii) = sine (declination found in (iv) + latitude) ,( + if the 
declination is south, and the sine found is directed south, ~ if the declination is north, and the sme 
is directed north or south according as the declination or the latitude is greater.) 

Emmple 12. To continue example 10 using the times given there. 

(i) Interval between noon and new moon = nd. 20-40 - nd. 15-40 = 5 nd., afternoon. 

(ii) Given Sun = Moon = ra. 2-0-0, at new moon. Forward counting is to be done (because after- 
noon) from the first point of Gemini where the Sun is. For successive 10° of rise, the ^times taken are, 
in vinddis, 105.4, 107.6, 108.8, 108.8. For the interval, of 300 vinddis = 105.4 + 107.6 + »7, tnere 
are 10°*+ 10° + 8° ( = 10° x 87 108.8) = 28°. 

(iii) Adding, the meridian ecliptic point = rd. 2-0-0 + 28° = ro. 2-28-0. 

(iv) The declination of m.e.p. is 23° 58'N. 

(v) Sine zenith distance of m.e.p. = sine (23° 58' - 10° 24') = sine 13° 34' = 28' 9", north (v 
declination is greater). 

It has been stated by us, above, in the context of the computation of the solar eclipse according 
to the PaulTa that in o^rder to get the parallaxes in longitude and latitude, the nonages.mal and the 
me Ld colme of its zenith di!tance, (i.e. d rgj yd and Sanku), are to be found h the « , a, diffe- 
rent method is given to get the sine of the zenith distance of the nonagesimal (z.d.n.) for which the 
m.e.p. and the sine of its zenith distance are necessary, and given here. 

It has been said that the m.e.p. is the point of intersection of the meridian (NZS in the fig ) and 
the ecHptic (OrO' in fig.) as M in fig. s is the position of the Sun at new moon, (occumng m the 

I7a. D.WI^dPo*^. B. <nfaKidl$ 
b. A^^W^jBl^.^W^ojBS. ^!^; 18b. B1.3.TTW^ 

d. A.B.WH*!*; A2.W«R^: B3^^I^T°; 
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afternoon in the example given to illustrate which the rigure is drawn). HQ is the right ascension 
corresponding to the segment of the ecliptic sM, which is found from the time to or from noon, by 
using the ascensional differences at the equator. (In the figure the time is afternoon.) sr is the 
longitude of the Sun at new moon. Mr the longitude of m.e.p. = sr - sM, as stated for afternoon. 
Clearly, for forenoon, s being east of M, Mr = sr + Ms, as instructed. 

MQ is the declination of M, (north in the fig.) ZQ is the latitude. MZ is the zenith distance. MZ 
= MQ - ZQ (in the fig.), i.e. when north declination is greater than the latitude, the latitude is 
subtracted from it, and the zenith distance is north. If M had been between Z and Q, then the north 
declination would be less than the latitude, and MZ would be equal to ZQ - MQ, and south. In the 
case when M is south of Qi.e. when the declination of M is south, it is clear that the zenith distance, 
MZ = MQ + QZ, and it is south, as stated. 

It is to bring in all the above three cases that we interpreted aksaviyuta in two ways, 'subtracting 
the latitude', and 'subtracting from the latitude'. But TS and NP take only the latter case, with the 
result that the former case is shut off. In verse 1 7, NP has corrected madhydrka as madhyahna, which 
is not essential. The defect in the second quarter of verse 17 has been rectified here by the addition 
of the letter ksa as ranak(sa)rasyudgamaih, anaksa meaning niraksa or zero latitude, to give the sense 
required here. TS emends it as niraksa in the same sense and NP as rantarardsyudgamaih. 

TOJ^iyl o^THT5«f^Tf^^fmTn^ || \<K II 



IX.20 



IX. SAURA-SIDDHANTA — SOLAR ECLIPSE 



219 



Drk§epa of the Sun 

19. Find the sine of the longitude of the Orient Ecliptic Point (o.e.p.) at new 
moon, multiply by the sine of maximum declination (of the Sun, 48' 48") and 
divide by the sine of the colatitude. (This is sine amplitude of o.e.p., called 
Udayajyd.) Multiply this by the sine of the zenith distance (z.d.) of m.e.p. 
already found, and divide by 120'. Square the result, and subtract from the 
square of the sine z.d. of the m.e.p. 

20. Set the remainder in two places. In one place, find its square root. This 
is the sine of the zenith distance of the nonagesimal (z.d. of n.) called the Sun's 
drk-ksepa. Keep this safe aside for future work. 

The following is to be done: 

(i) Using the vinddis of ascensional differences of the place, the o.e.p. at new moon is to be 
found. 

(ii) Sine amplitudeof o.e.p. = sine z.d. of m.e.p. X 48' 48" -nsine colatitude. 

(iii) Sine (m.e.p. ~ nonagesimal) = sin z.d. of m.e.p. (ii) -r- 120. 

(iv) Square of sine (z.d. of n) = (sine z.d. of m.e.p.) 2 - (iii) 2 . 

(v) Sine z.d. of n = V(iv). 

Example 13. Continue example 10, given already lat = 10° 24' and new moon is at na. 20-40. 

(i) Let us take it that using the ascensional differences of the place (given by chap.IV), the o.e.p. 
found is ra.5-27-56. 

(ii) Sine amplitude of o.e.p. = sinem. 5-27-56 X 48' 48" +- sin (90° - 10° 24') 
= sin 2° 4" x 48' 48" -s- sin 79° 36' 

= 4' 20" x 48' 48" 1 18'.0 = 1 ' 48". 

(iii) Sine (m.e.p. ~ n) = 28' 9" x 1' 48" - 120 = 25". 

(iv) Sin 2 (z.d. of n) = (28' 9") 2 - (25" ) 2 = 792'. 25. 

(v) Sin (z.d. of n) = V 792.25 = 28' 9". 



19a. A.B.t^mr^T 

b. A.WcT; B3.^TTO° 

c. B.WWI^l 

20a. Bl. cTTW ; B2.3.°cTfa . D.°t3T&> 



b. B.°M; C.D.°fm A.B.D.W^; C.WSfq. 

A.B.°tejT 
c. A.°^TR3T; B.°i^TT^ 
d. 62.1^^11 
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The following is the explanation of the rule: See fig. 2. There, n is the nonagesimal, i.e. o.e.p. 
. minus three rasis. Z is the zenith. n.z is the zenith distance of n, and sine nz, called the 'Sun's drk-ksepa', 
is wanted here, to get the Moon's parallax in latitude. This Siddhdnta takes the spherical tnangle Z 
n M, right angled at n, to be approximately equal to a plane right-angled triangle, with the sines of 
the arcs as straight lines and fmds the drk-kssepa by , (sine zn) 2 = (sine MZ) 2 - (sine nM) 2 = sin 2 z.d. of 
m.e.p. - sin 2 (m.e.p. ~n). (The correct method has already been expounded by us in Chap.VI, 
when dealing with the solar eclipse according to the Paulisa.) Sin (z.d. of M.e.p.) has been got 
already. The other quantity required, viz. sin (M.e.p. ~ n), is got by the well-known formulae relating 
tosphericalrightangledtnangles,(already givenbyus), sin (M.e.p.~n) = sin (z.d. of M.e.p.) Xsin 
MZn -r- 120'. But, MZn = 0'ZW = OZE, which is the amplitude of the o.e.p. Its sine, Udaya, given 
here = the declination of the o.e.p. X 120' 4- sine colatitude = sin longitude of o.e.p. x 48' 48" -s- 
sin colatitude, as given in chap.IV. 



Gnomon 



21. Subtract from 14,400, the scjuare of sin z.d. of n, (kept unused in the 
other place in the previous work), and find its square-root. Multiply this by 
the sine of the distance between the Sun and the o.e.p., and divide by 120'. 
The result, which is the sine of the Sun's altitude, is called $ahku, i.e. the Sun's 
$ahku. 

... $anku = V 14,400 - sin* (z.d.ofn) X sin (o.e.p. ~ sun) -5- 120'. [sin 2 (z.d. of n) has already been 
got, and kept apart] 
Emmple 14. To complete emmple 10. 

From Ex.l3, by (i), o.e.p. = rd. 5-27-56, and by (iii), sin 2 (z.d. of n) = 792.25, from Ex.l0, Sun = 
rd. 2-0-0. 

$anku = V 14,400 -792.25 X sin (ra. 5-27-26 - rd. 2-0-0) -h 120' 
= 116' 39" x sin (ra. 3-27-26) - 120' 
= 116' 39" x 106' 7" + 120' = 103' 10". 

The rule is derived as follows: From fig. 2 it can be seen that the Sun's altitude is 90° - Zs. 

■ Sannku = Sine Sun's altit ude = C os Zs = Cos ZW X Cos ns -s- 120' (by the well-known formula, 
already given) = V radius* - sin^ Zn X sin Os - 120', (-.- ns is os - 90°). sin Zn is sme z.d. of n 
already found, and its square has already been got and kept apart for use here. 

...Sanku = V 14,400 -sin a z.d. ofn X sin (o.e. P ~ sun) + 120' as given by the author. 

21a. A.^;B.^. B.ffcTA.W c - , 

b. A.TWfa*W.A.»^;B.^ d - B.Tjf&RT. A.M^cT; B.M^cT 
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fig(^ H J »K^ l*W>l*i (rT)flCsr)^icF^mi: 

Parallax-corrected New Moon 

22-23. Subtract the square of the Sun's saiiku got above from 14,400. From 
the remainder subtract the square of the Sun's drk-ksepa kept apart in the 
previous work and find its square root, (technically called Drggati). Multiply this by 
1 8 and divide by each of the kaksds of the Sun and the Moon. Find the respective arcs 
(in minutes) and get their difference. Treat this as the minutes of tithi and find the 
tithi-nddikas for this. Subtract the nddikds from the time of new moon if forenoon, and 
add, if afternoon. The parallax-corrected new moon (p.c.n.) is got. Repeat the oper- 
ation of hnding the p.c.n., till there is no difference (in time) in two successive opera- 
tions. This is the p.c.n. (to be used in the subsequent work). 

Though there is no doubt about the idea here, it is difficult to get the idea from the words used, 
on account of several corrupt readings. In verse 22, a word is broken at the end of the third foot, 
and there are 18 mdtrds in the fourth, sinning against the Arya metre. In the same verse, in the sec- 
ond foot NP has emended vislesdt into visesitdt against the manuscript readings, an emendation that 
is not needed. In the 23rd verse, evam mrgyah kdlah is a repetition. TS have succumbed to this diffi- 
culty and give the wrong interpretation that the difference between 14,400 and the square of the 
sanku, should be subtracted from the square of the drk-ksepa, unaware that this is impossible smce 
the latter would always be less than the former. We shall show this in the explanation. As for calhng 
the Sun's sanku as 'digits of sanku' we have seen it being technically called so in chap. IV. 

The method enunciated here is as follows: 

(i) Drggati = Vl 4,400 = sanku 2 ~ drk-ksepa^. 

(ii) (a) Sin Sun's parallax in long. = 18 x (i) -s- Sun's kaksd 

(b) Sin Moon's parallax in long. = 18 X (i) Moon's haksd. 
From the two sines, the arcs should be obtained in minutes. The Moon's minus the Sun's parallax 
is the (effective) parallax in longitude. 



22a. B. ^f<^lfd 
b. A-Wpil^iH B.?TcTcT#TtT>JT (B2.tT>T; 
B3.cfrr) 
D.tsT#T[cT]T^ 
c. A.B1.2.faft 
d. Al.B.^ScTSTtSWM 



Al.^WTT^TT 
23a. A.f^f^rf«T; B.C.faNtlcTfa 
b. A.ft«rat5PTcr.; D.fcta^4dWH:; 

C.tlrWMMMd:; D.tlT^ScT:^: 
d. A.^#; B.cTcq# 

B.4||cKc|$m: 
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(iii) Nddis of parallax = the parallax in longitude found in (ii) X 60 + the motion of the tithi per 
day. Subtracting the nddis from new moon in the forenoon, and adding in the afternoon, the p.c.n. 
is got. Finding the m.e.p. etc. of the p.c.n., the work should be repeated upto getting the nddis in 
(iii). These nddis are to be subtracted or added to the original new noon. A better p.c.n. is got. Using 
this time the work may be further repeated for a still better approximation. 

Example 15. To continue Ex. 10 

In the last example the sanku got is 103' 10". In Ex. 10, the motion per day of the Sun and the 
Moonfoundare57' and810", the Sun's kaksd found is 16,641 andthe Moon's 1 171.2. The square 
of the drk-ksepa kept apart, is 792.25. From these: 

(i) Drggati = Vl4,400 -(103 1/6)* - 792.25 = 54' 27". 

(ii) (a) Sine Sun's par. in long. = 18 X 54' 27" + 16,641 = 3".6. 
(b) Sine Moon's par. in long. = 18 X 54' 27" -s- 1 171.2 = 50".2. 

The Sun's parallax is arc of 3".6 = 1'.7. 
The Moon's parallax is arc of 50".2 = 24'.0. 
The parallax in longitude = 24'.0 - 1'.7 = 22'.3. 

(iii) Nddis of par. = 22'.3 X 60 + (810' - 57') = 1-47. 

Since new moon is afternoon, adding to the time of new moon, the p.c.n. = nd. 20-40 + nd. 1-47 
= nd.22-27. 

We shall repeat the operation for a better approximation. (The motions of the Sun and Moon 
per day, and their kaksds need not be done again.) 

The nddis of the p.c.n. after midday = 22-27 - 15-40 = 6-47 = 407 vinddis. The right ascension, 
corresponding to the interval of 407 vinadis, using the ascensional differences of zero latitude = 10° 
+ 10° + 10° + 10° X 85.2 + 108.8 (for vinddis 105.4 + 107.6 + 108.8 + 85.2) = 37° 50', after 
the Sun ( = ro.2-0-2, 2' more for the 2 nddis later). .•. The m.e.p. = rd. 2-0-2 + rd. 1-7-50 = rd. 3-7-52. 
The declination of m.e.p. = 23° 46' north. The zenith distance of the point = 23° 46' - 10° 24' = 
13° 22', north. Sine z.d. of m.e.p. = 27' 44" . The o.e.p. at p.c.n. = rd. 6-8-48 (using as before the 
ascensional differences of 10° 24'). Since amplitude of the point = 7' 34". Sine (m.e.p. ~ n) = 27' 44" 
X 7' 34" h- 120 = 1' 45". Sine 2 (z.d. of n) = (27' 44") 2 - (1' 45" ) 2 = 765.89. 

Sine (z.d. ofn) = 27' 40". 

Sanku = V 14,400 - 765.89 X sine (ra.4-8-46) -s- 120' = 91' 1". 
Drggati = V14,400-(91' l"? - 765.89 = 73' 9". 

Sine Sun's par. in long. = 18 X 73' 9" + 16,641 = 4".8. Parallax = 2'.2. 
Sine Moon's par. in long = 18 X 73' 9" + 1 171.2 = 1' 7".5. Parallax = 32'.2. 
Relative parallax = 30 '.0. 
Nddis of parallax = 30' x 60 + 753' = na.2-23. 

Adding to time of new moon, the closer p.c.n. = nd.20-40 + no.2-23 = n«.23-3. 
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Repeating the work, the p.c.n. got will be about nd. 23-20. 

The rule is thus explained: It has been shown in the context of the Paulisa solar eclipse that the 
relative total parallax is obtained by multiplying the relative horizontal parallax ( m) by sine zenith 
distance of the Sun (drgjya) and dividing by the radius. In this Siddhdnta, the horizontal parallaxes 
of the Sun and the Moon are got separately by dividing by their distances for the sake of exactness. 
But the Sun's drgjya is used for the Moon too, since the difference is very small in the neighbour- 
hood of new moon, with the solar eclipse occurring. In fig. 2, drgjya = sin Zs, and the relative 
parallax = ss'. Its projection on the ecliptic, sl, is the relative parallax in longitude, by which (Moon 
- Sun) has got to be increased or decreased to get their apparent difference in longitude. In the 
figure, since s is west of n, it is subtractive, and p.c.n. is later, and therefore the nddis of parallax are 
additive. (When the Sun is east of n and parallax is additive, clearly the nddis are subtractive.) Since 
(Moon - Sun) is tithi element, the relative parallax is treated like tithi, and multiplied by 60 and 
divided by the daily motion to get the nddis of parallax. 

Now, sl is found thus in this Siddhdnta: sl 2 = ss' 2 - s'l 2 . (v the triangle ss'l is right-angled at 1, and 
so small that it may be considered plane.) 

= ss' 2 — ss' 2 .sin 2 1 ss' 

= ss' 2 - ss' 2 .sin 2 Zn -s- sin 2 Zs (v triangle Zns is right angled at n) 

=vr 2 drgjya 2 -w 2 sin 2 (z.d. of n) (•.• ss' =m X drgjya = sin zs, and Zn is the z.d. of n) 

= 17^ (radius 2 - $anku 2 - sin 2 z.d. of n). (drgjya 2 = radius 2 - Sanku 2 ) 

.-.sl 2 = »rV 120 2 — sanku 2 — sin 2 z.d. of n 

=w X drggati, as given 

But,T7T = the Moon's horizontal parallax - the Sun's horizontal parallax. .-. the drggati is 
multiplied by each and then subtracted. 

It has been said already, in previous two solar eclipse contexts, that the sine of the horizontal 
parallax is obtained by dividing the earth's radius by the respective distance. Since the author uses 
as the divisor not the actual distance but the respective distance divided by 43, the earth's radius also 
has to be taken divided by 43. The author takes iSSyojanas as the earth's radius, adopting the value 
of the Aryabhatiya and multiplying it by 3/2 to express it in the yojana measure of the Ardhardtrika etc. 
systems. (These systems give the earth's radius as 800 yojanas.) Dividing it by 43 we get 18.3, and 
the author gives it as 18, corrected to the nearest unit's place. 

Further, since Zn is perpendicular to the ecliptic, Zs, the zenith distance of the Sun at any position 
on the ecliptic, is always greater than Zn, and, accordingly, their sines also, since the arcs are all less 
than 90°, i.e. (radius 2 - sanku 2 ) is always greater than sin 2 z.d. of n. Therefore, the interpretation 
of TS that the former is to be subtracted from the latter is wrong, as mentioned already. The need 
for successive approximation by repetition of work is plain. 

3lfil¥lm^ (W^) 1 ^ ^TT^IT^ | 
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Parallax in latitude 

24. Take the sine z.d. of n last got in the successive approximation, multiply 
by 18, and divide by the respective kaksas. The respective sine parallax in 
latitude is got. The arc of their difference is the relative parallax in latitude 
and its direction is that of sine z.d. of m.e.p. (i.e. of M from Z.) 

Since the sines are very small, it is immaterial whether the arcs are found first and their difference 
is taken, or whether the arc of the difference of the sines is taken, both being the same practically. 
But the latter will entail less work. 

a) Sine parallax lat. of the Sun = 18 X sin z.d. of n -f- Sun'sAafcsa. 

b) Sin parallax in lat. of the Moon = 18 X sin z.d. of n -5- Moon's kaksd. 

(b) — (a) is the sine of the relative parallax in lat. whose arc is to be found, and its direction is that 
of M from Z. 

Example 16. To continue example 10. 

The sine z.d. of n, last got in the successive approximation in the last example is 27' 26" say. 

(a) Sun's sine par. in lat. = 18 X 27' 26" -5- 16,641 =1".8. 

(b) Moon's par. in lat. = 18 X 27' 26" + 1 171.2 =25".3. 

Sin relative par. in lat. = 25".3. - 1".8 = 23".5. 

Rel. par. in lat. = arc of 23". 5 = 11 '.2, north, since M is north. 

The rule is thus derived: The zenith distance of the nonagesimal, Zn, is the Sun's drkksepa. In 
the context of the solar eclipse, according to the Paulisa, it was shown how the parallax in latitude 
(p.c.lat) is to be got by multiplying this drk-ksepa by the relative horizontal parallax and using it as 
a correction to the Moon's latitude to obtain the corrected latitude. Here, the parallax is derived 
separately for each of the Sun and the Moon, for the sake of greater accuracy. Now, the direction 
of the nonagesimal and the sine of its zenith distance is the same as that of sine z.d. of M, and the 
direction of the apparent shihing of the Sun and the Moon by parallax, as resolved on the line of 
latitude, is the same as that of sine z.d. of n, (as ls' in iig. 2). Therefore, the direction of the parallax 
correction is the direction of sine z.d. of M, as mentioned by the author. (In the fig. it is north.) Thus 
everything is explained. 

^|fafSRT dtchld STTW uG?ruHI | 

25. The Moon's latitude at the time taken is to be got by using the sine (of 
Moon ~ Rahu), and this is to be added to or subtracted from the parallax 
correction in latitude (according to their direction). This is the parallax- 
corrected latitude (p.c. lat.). This is to be got separately for each of the times 
separately and from them the times of total obscuration and total duration are 
to be got. 

24a. A.^R; 25a. B.fMfT d. A.^TO; B.^«M 

b. B.^^(B2.3. ^) d. B.^li^ b. A.3PT c. A.B.^# D.fkft 
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The maximum latitude is given in verse 6 to be 270'. The use of sine (Moon — Rahu) has been 
already indicated in the context of the Romaka, and therefore only indicated here. In correcting, 
like directions are additive, and unlike directions subtractive, the resulting direction being that of 
the greater. The parallax-corrected latitude is to be got for each of the time of first contact, last con- 
tact, and middle, the last serving for immersion and emergence too, as these times are near enough 
to the middle. The separate computation of the corrected latitude suggests that the nddis of parallax 
also are to be computed separately for the different times. Thus, the fol!owing is to be done: 

(i) The uncorrected latitude = 270' X sine (Moon - Rahu) -r- 120 = sine (Moon - Rahu) x9v 
4. (If Moon - Rahu) is less than 6 rdsis, the latitude is north, otherwise south. Rahu here means the 
Head of Rahu). 

(ii) ParalIax-corrected latitude = latitude +,relative parallax in latitude (+ if of the same direc- 
tion, and ~ if of different directions, the resulting direction being that of the greater). 

Example 17. (To continue Ex.lO,) Jind the parallax-corrected latitude at the Jinal parallax corrected new 
moon, i.e. at nadi 23-20. 

This time is nadis 2-40 later than new moon. So, from the data given in Ex. 10, Rahu-head = rd. 
7-29-24, and Moon = rd. 2-0-0 + 810' X 2 2/3 60 = rd. 2-0-36. Moon - Rahu = rd. 6-1-12. From 
this, 

Moon's latitude = 9 X sine (rd. 6-1-12) 4 = 5'. 7, south. (v Moon - Rahu-head) > rd. 6-0-0.) 

(ii) Parallax corrected lat. = 5'. 7 ~ 1 1'.2 = 5'. 5, north (v of different directions, north being 
greater.) 

These rules have been explained before. 
[I^m4*M:] 

Duration of the eclipse 

26. Subtract the square of the parallax - corrected latitude from the square of 
the sum of the semi-diameters of the Sun and the Moon and find the square 
root. Double this, and find the time for it, treating it as the motion of tithi. 
(The diiration of the eclipse it got.) 

This verse has already occurred as verse 16 of chap. VIII and fully explained there. The only 
difference is two mis-readings here. 

Example 18. To continue Ex. 10. 

In Ex.ll, the angular diameter of the Sun has been found tobe 31', and of the Moon, 33' and 
the daily motion of the tithi 753'. The parallax-corrected lat. has been found to be 5'. 5. From these, 

DurationinrM^to = 2 x 60 x V(31 + 33)/2 - 5.5 2 ^ 753 = 2 x 60 x 31.52 - 753 = nd.b-\. 
26b. B3.°^:. B.mRmRhiuM^ (B3.<*T>T^T) c. A.B.TJĕM d. A.B1.2.t^TjrT). B.^il^wwei 
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It has already been mentioned that half the duration subtracted from the final parallax-corrected 
new moon is the beginning and added to it is the end of the eclipse. Further, if the difference of the 
semi-diameters is used in the work, instead of the sum, the duration of total eclipse is got. Here, if 
the Moon's is greater, there is actual total obscuration. If the Sun's is greater, there is annular 
eclipse. The author expects us to be conversant with these things. 

t^SElcRTOA) Hgu il i^H I ffl fa¥rtEl [<ft ^JĕT: fec*TPJ | 
'nd l V^ ^^cHH4| [4]%(^)1^|| ^ || 

27. Find the nddis of parallax for the time of the beginning. If the time of 
beginning and the new moon are both in the forenoon or both in the after- 
noon, find the difference of the nddis of parallax and add it to the half duration 
to get the correct half duration to be subtracted from the time of the corrected 
new moon. If one is before noon and the other afternoon, add the nadis of 
parallax, and add it to the half-duration to get the correct half-duration (to be 
subtracted from the time of parallax-corrected new moon). Do the same for 
the time of the end of the eclipse, (to find the correct half duration to be added 
to the parallax-corrected new moon, to get the correct last contact). 

The following example will make the meaning clear. 

Example 1 9. To continue Ex. 1 0. 

We have already obtained, par.c. new moon = nd. 23-20, parallax-correction for new moon = 
nd.2-40, and the total duration na.5-1. Applying the half duration on both sides of p.c.n, the 
approx. time of first contact = na.20-50, last contact = no.25-51. The parallax correction in time 
for first contact using verses (22-23) is nd. 1-50. As both the new moon and time of first contact are 
in the same partof the day, i.e. afternoon, the difference between their parallax correction = nd.2-40 
— nd. 1-50 = no. 0-50. This is to be added to the half duration to get the tirst half duration. Adding, 
na.2-30 + na.0-50 = na.3-20. Subtracting this from the parallax-corrected new moon, the correct 
time of first contact = nd. 23-20 — nd. 3-20 = nd. 20-0, after sunrise. 

Next, the parallax-correction for time of approx. last contact is nd. 3-30. As both new moon and 
last contact are in the afternoon, subtracting the corrections, for both from each other, we have 
na.3-30 — na.2-40 = na.0-50. Adding this to the half-duration we have, n#.2-31 + na.0-50 = na.3-21, 
for the correct second half duration. Adding this to the p.c.n, the correct time of last contact = 
nd. 23-20 + nd. 3-21 = nd. 26-41 after sunrise. 

The folIowing is the explanation of the rules for the correction given here and the justification for 
our interpretation. At first the duration is given neglecting the effect of parallax on the time. If the 
parallax is taken into account, the duration will always be longer than otherwise, as we have said. 
This can be seen from the following consideration. Let us take the case when the end of new moon 



27a. A.B.^PT 

b. A.B.C.D.°i^T^1^ . A.B.^^d; 
C.D.I^^d: 



c. B.°^T^T 

d. A.^TPT) A.B. Hapl. om of 4 
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is before noon. The first contact being earlier still, its interval from noon is greater, and therefore 
its nddis of parallax too is greater than those of the new moon. Since both are subtractive, the first 
half duration is lengthened, the first contact happening earlier. Therefore the difference is to be 
added to the duration. In the case taken, the last contact may happen before noon or after noon. 
If before noon, the interval from noon upto the last contact is less than that upto new moon. There- 
fore the nddis of parallax of the last contact is less than those of the new moon, and both are sub- 
tractive. Therefore the second half duration also is lengthened, the last contact happening later. 
So the difference is, here too, additive to the duration. 

If the last contact is afternoon, the nadis of parallax are clearly additive to the time of last 
contact, and the last contact happens later. But the parallax-corrected new moon occurs earlier, 
and so the second half-duration is lengthened both ways, and so the sum of the parallaxes is added 
to the duration. Thus in all three possibilities of the first case, there is only additive correction. 

Let us now take the second case, viz. that the new moon occurs after noon. Clearly what is said 
for the first contact in the first case applies to the last contact in the second case, and vice versa, but 
the additiveness and subtractiveness alone have to be interchanged. Therefore, here too, in all 
three possibilities the differences or sums, have to be added to the duration, as we have said in 
giving the meaning of the verse. Not understanding the above, TS have interpreted the verse in 
such a way that the instruction will result in lessening the duration, which is contrary to facts. 

Now, for the readings. In the second foot of the verse three mdtrds are missing, and to restore 
them we have read vislesita as visksitoyutah in accordance with the meaning. The emendation, by TS 
and NP, of the manuscript reading vislesitasthitydm into vislesitahsthityd does not express the 
intended idea fully. In the fourth foot two mdtrds are missing, and to restore them we have read the 
meaningless ndmoksi as ndmo mauksi. 

To conclude: In the introduction to this chapter we said that the Sun, Moon, and Rahu, together 
with the methods of computing them are better in the Saura than in the Romaka. Now, we have seen 
that in the computation of the solar eclipse also, the Saura excels. For instance, the mean angular 
diameters of the Sun and the Moon are 30' and 34' according to the Romakas, while they are 32' 
and 32' according to the Saura, very near the correct 32' and 31', respectively. Computing true 
diameters and the parallax using the distance of the instant of eclipse, and using the true motion 
of the time of eclipse for getting the duration etc. are commendable in the Saura. Getting the sine 
z.d.n. by using the sine of the zenith distance of m.e.p. is a better method than that used by the 
Romaka, as also the method of successive approximation for various things like parallax in time of 
new moon etc. The abandontng of the Romaka's faulty correction of the Moon's position in its own 
orbit, is itself praiseworthy. With such good features, the Saura is easily the bestofthefive Siddhdntas. 

1. Col. A.B.D.?fcI (B. om|f^)^ttorl3#I^ 
(B.W?) 3=Rf2JFT: | 
C.^T^^^ItI *$H$*\ HIH HciHjsrarro: | 

Thus ends Chapter Nine entitled 'Saura-Siddhanta: Solar Eclipse' 
in the Pancasiddhantika composed by Varahamihira 



Chapter Ten 



SAURA-SIDDHANTA — LUNAR ECLIPSE 

^o. ^mt5SZTFT: 

Introduction 

In this chapter the method of computing the lunar eclipse according to the Saura Siddhanta is 
given. Since the true Sun and the Moon and Rahu, the true distances of the Sun and the Moon, and 
the Moon's angular diameter and latitude, have already been given in chap. IX, the angular diameter 
of the Shadow alone is given here, as also the computation of the times of contacts etc. The last 
three stanzas give the amount of eclipse at a desired time, as also the beginning and end of total 
phase of the eclipses, both of the Sun and the Moon. 

'^['^rpiT^TC^)^^^^: \\\\\ 
't^T^^^Tt^C^)^^^^^^)^?: ||? a|| 
Diameter of the Shadow 

l-2a. Multiply the Moon's true distances in its orbit by 36, and divide by the 
Sun's true distance multiplied by 90 and divided by 286. Subtract this result 
from 36, multiply by 120, divide by the Moon's true distance and get the arc 
of the resulting sine. This is the angular diameter of the Shadow. 

The following is asked to be done: 

(i) 'Result' = 36 X Moon's true dist. -s- (90 x Sun's true dist. 286) 
= 36 x Moon's true dist. X 286 -r (90 X Sun's true distance). 

(ii) Sine angular diameter of Shadow = (36 - 'result') 120 Moon's true distance. 
Or, simplifying, this is equal to: 

{36/Moon'struedistance - (36/Sun's true distance) X 286/90} X 120 

= 4320/Moon's true distance - 13,728/Sun's true distance. 
la. A.WIT. B.H^J"II 

b. A.^§. A.B1.3.^WT: C.*8V 2a. B1.3. Pw4'jfl 

c. Bl.S. MlsWHl b. A.B.5RSTPTT; C.D.^STI. A.dM«:; 

d. A.^itiT; B1.3.c7#M£ B1.3.d4l«*tlH: 
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Or, (since the arc is small, mukiplying this by 3438 and dividing by 120), the angular diameter 
of the Shadow in minutes = 1,23,768 + Moon's true distance - 3,93,307 h- Sun's true distance. 

Example l.Ona certain day at the time of full moon (T) the true Sun is ra. 1 0-0-0, the true Moon is ra.4-0-0, 
Rdhu Head is rd.3-25-0, the Sun's motion per day for the time is 60', and the Moon's 780'. Compute the 
lunar eclipse. 

The Sun's true dist. = 9,48,558 -5- 60 = 15,809 (by IX. 15). 

The Moon's true dist. = 9,48,680 h- 780 = 1216.3 (by IX.15). 

The Moon's angular dia. = 38,640 -5- 1216.3 = 31 '.77 (by IX. 16). 

The Moon's lat. at T = 9 X sine (ra. 4-0-0 - ra.3-25-0) + 4 = 23'. 5, north. 

From the true distances got above, the angular diameter of the Shadow = 1,23,768 1216.3 - 
3,93,307 + 15,809 

= 101'.76 - 24'.88 = 76' .9. 

The following is the explanation of the method for finding the Moon's angular diameter: The 
actual diameter of the Shadow is the diameter of the circular section of the Shadow-cone (formed 
by the earth intercepting the Sun's light,) at the Moon's orbit, at the time of full moon. This is 
represented in fig. 1, below by U'U". 



Moon's 
orbit 




The angle subtended by this at the centre of the earth, E, is the angular diameter desired to be 
computed here. In the figure, S is the centre of the Sun, E, that of the Earth, and U that of the 
Shadow section. SS' is the Sun's radius, EE' is the Earth's, and UU' is that of the Shadow. SE is the 
true distance of the earth from the Sun, and EU, that of the Moon from the earth. S'E'U' is the 
direct common tangent to the orbs of the Sun and the Moon. As the distance are very great when 
compared with the radii, EE', SS', and UU' are practically parallel. Draw ES" parallel to E'S', and 
U'E" parallel to U'E'. The triangles, ES"S and UE"E, are similar. Therefore, 

E"E/EU = S"S/SE. 
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.-. E"E = S"S X EU/SE = EU X (S'S - S' S")/SE 
= EU x (S'S - E'E)/SE. 

In order to get the angular diameter of the Shadow, we require the radius of the Shadow, UU', 

= EE' - EE" = EE' - {EU (SS' - EE')/SE} 

= 18 - Moon's true dist. X (Sun's radius - 18) -r- Sun's true dist. 

= 18 - Moon's true dist. x {18 x 5,14,787 -f(2 x 18 X 3438) - 18} h- Sun's true dist. (Here, 
18 is the number obtained by reducing the earth's radius by 43, and given by the author in giving 
the parallax, see IX. 23.) 

18 x 5,14,787 -r- (2 x 18 x 3438) is the Sun's radius, since, of two orbs, the parallaxas viewed 
from one is the angular semi-diameter as viewed from the other. Therefore: 

Sun's minutes of parallax: Sun's angular semi-diameter in minutes :: 18: Sun's reduced radius. 

But the Sun's minutes of parallax = 18 X 3438 -j- the Sun's true distance, and the Sun's semi- 
diameter in minutes = 5,14,787 (2 Xthe Sun's true distance) = 18 - Moon's true distance X 18 
x 284.4 -s- (90 X Sun's true dist.) 

Since, sine angular diameter of the Shadow is got by multiplying the radius by 2, and the max. 
tabular sine and dividing by the Moon's true distance, sine angular diameter of Shadow = {36 - 
Moon's true dist. X 36 -r- (90 X Sun's true dist. h- 284.4)} X 120 H-Moon's true distance, almostthe 
same as the author has given, but with 284.4 instead of 286. 

If the number had been 17.9 instead of 18 taken as a whole number for convenience, then we 
shall get 286 itself, as given by the author. We have already shown that the formula can be 
simplitied. The author must have given it in the invo!ved form for indicating the geometrical 
construction by way of proof. 

When the numbers occurring are seen to be correct in the way shown by us, it is quite improper 
for TS to read sadastadasra (278) as sadasvadasra (276) and to agree with this, making the Sun's 
reduced diametet as 146, in their proof, instead of the correct 149.73, got by dividing 5, 14,787 by 
3438. 

[RmjthlH:] 

t**f l||c«||«4L(ft ) IT^lt l^T rRTt 1 1 ^ b || 

^■SyKbGw^ 0?)* fi**0rf )ft*>T c^SJT: || ^ || 
3IH^Jt(^:) f^fcT^[TT]TT*S^fe(fa)#^ | 

T^^^ : %i^(f^)^Er:^itzncrcj;||^ || 

Duration of the Eclipse 

2b-3. Add the angular diameters of the Moon and the Shadow, dividel)y two, 
and square it. Subtract the square of the Moon's latitude from this, and Find 
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the sauare root. Multiply this by 120 and divide by the difference of the 
motions per day of the Sun and the Moon pertaining to the time of eclipse. 
The duration of the eclipse is got in nadikas. 

4 Find the Moon's latitude at first contact and using this find a more correct 
duration. Repeat this till there is no difference between the previous and the 

Note- TT.oi?th^tSTration alone is given here, we are expected to know how to find the 
first and last contacts from this, from previous contexts. In the succes S1 ve appro^mation, what is 
sa7d for the first contact must be taken for the last contact also. Therefore the followmg is asked to 

be done: 

(i) Roughduration = 120 V(half-sumof angular diameters) J - lat.' + difference of instantane- 
ous daily motions. 

(ii) T ± half (i), are the rough first and last contacts. 

(iii) Using the latitude of the rough first contact and repeating (i) gives successively better first 
contacts. 

(iv) Using the latitude of the rough last contact, and repeating (i), gives successively better last 
contacts. (It should be noted that the shorter the duration the greater are the nurnber of repetit.ons 
required.) 

Example 2. Continue Ex. 1 . 

(i) Roughdurationinn^M 120 V{ (76.9 + 31.77)/2 - - (780 
= 120V~54.34 a -23.5* + 720 = 120 x 49 - 720 h- nadis 8-10. 

(ii) Rough times first and last contacts = T — na.4-5: T + na.4-5. 

(iii) The Moon at rough first contact = rd. 3-29-6.9, 
Rahu then = ra. 3-25-0.2. 

Moon-Rahu = 4° 6'. 7. 

From this the Moons latitude is 19'.35, north. 

Using this, a more correct duration for first contact = V54.34* - "1 9.35' X 120 * 720 = na.8-28. 
Subtracting half this from the time of full moon, the first contact is at T — »4.4-14. There is no 
need to repeat, since the duration is long. 

(iv) The Moon at rough last contact is ra.4-0-53.1 and Rahu then, 

Moon's lat. is 27 ' .65, north. Using this, a more correct duraUon or ast contac t V 5434 27^65 
X 120 - 720 = na.7-48. Adding half this to full moon time, the last contact is at T + «a.3-54. 1 here 
is no need to repeat. 

The method has been explained several times before, which need not be *P^ * m '/»^ 
undersmnding that the successive approximation is for getting the last contact also, though men- 

2c. A.B.#:.B1.3.^T;B3.^ 4a. A.B.C.^: 

cLc b. A.B.om.T. A.B.W: 

3b. A.B.W^N r 
d. A.B.^.A.B.C.D.f^forf^;A.^T d. A.B.tW^: 
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tioned only for the first contact, the two common statements anaya sthitir bhavati and sthityavisesah 
krtoycwat, indicate this. 



It is clear that by 'corresponding minutes of arc' is meant here, the distance in minutes between 
the Moon and the shadow, measured along the ecliptic. From the instruction it is clear that the nadis 
taken is the interval between full or new moon and the moment for which the amount of eclipse is 
wanted. It is clear from the context that the Shadow is meant by the word Rahu. Though from the 
mention of the Shadow, ahd the Moon's latitude without any mention of parallax, this seems to be 
given for the lunar eclipse only, the expression arkendvoh at the end shows that this is meant for the 
solar eclipse also. The author thinks that the reader has acquired sufficient knowledge, by now, to 
make the necessary changes when applying the rule to the solar eclipse. Therefore, in the caseof 
the solar eclipse, the amount eclipsed is got by using in the rule, the parallax-corrected latitude for 
latitude, the Sun's and the Moon's angular diameters for those of the Moon and the Shadow, and 
the parallax-corrected difference of daily motions for the mere difference of daily motions. Thus, 
the following is instructed to be done: 

A. To find the amount eclipsed in the case of the Moon 

(i) "Corresponding minutes of arc" = difference of instantaneous daily motions of Sun and 
Moon X interval in nddis from full moon -J- 60. 



[$g*KH*(W:] 




Obscuration at any desired moment 



5-6 Take the nddis before or after full or new moon upto the times for which 
the amount eclipsed is wanted. Multiply this by the difference of the Sun's 
and Moon's daily motions, (mentioned above), and divide by 60. The 'corres- 
ponding minutes of arc' are got. Square this, square the Moon's latitude for 
the moment, add them, and get the square root. Subtract this from the half- 
sum of the diameters of the eclipsing and the eclipsed bodies. The remainder 
is the minutes of arc eclipsed, at the moment taken, of the Moon in the case 
of the lunar eclipse, and of the Sun in the case of the solar eclipse. 



d. A. TlHccW^g (A2.rTM^r). AB.tMl^ 
6a. B.crt^T 




d. 



b. 



c. 



B/?lfyRrai (B2.B.33T) ^ĕ*. A.C.D.«t)dKJHH; 
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(ii) Distance in minutes between the centres o f the Moon and Shadow 
= ^J(if + (the Moon's iatitude at the given time^. 

(iii) The amount eclipsed in minutes = half-sum of angular diameters of the Moon and 
Shadow - (ii) 

B. Tofind the amount eclipsed in the case ofthe Sun. 

(i) "Corresponding minutes of arc" = The minutes obtained as by A (i) X the half duration not 
corrected for parallax + the half duration corrected for parallax. (This will be a little approxiniate, 
but has been given for case of computation, since the two times are known.) 

(ii) D istance in minutes between the cent res of the Sun and the Moon 
= V(i) 2 + (Parallax-corrected lat. of time) z . 

(iii) The amount eclipsed in minutes = half sum of angular diameters of the Sun and the Moon 
- (ii). 

Example 3. Continuing Ex. 2,find the amount of the moon eclipsed 3 nddis after T. 
A. (i) Corresponding minutes of arc = (780' - 60') X 3/60 = 36' 

(ii) Distance between centres = V36* + 26.6' = 44'.76 (having found that the Moon's lat. at the 
moment is 26'.6). 

(iii) Amount eclipsed = 54'. 34 - 44.76 = 9'. 6. 

Emmple 4. At a certain solar eclipse the difference of Sun and Moon's motions isfound to be 720', the 
paraUax-corrected latitude, 2 nddis before the parallax-corrected new moon, isfound to be 15', the sum ofthe 
semi-diameters is 31 '.9, the un-corrected halfduration is nd. 2-30, and the corrected halfduration ts na. 3. Find 
the amount ofthe Sun eclipsed, at 2 nddis before the parallax corrected new moon. 

(i) Corresponding minutes of arc = (720 X 2 - 60) X na.2 1/2 + «a.3 = 24 X 5 + 6 =20' 
(nearly). 

(ii) Distance between centres = V20* + 15* = 25 ' . 

(iii) The amount eclipsed = 31'.9 - 25' = 6'.9. 

The following is the explanation of the method: Let us First take the case of the lunar eclipse. At 
full moon, the Moon and the Shadow are in conjunction, i.e. they have the same true longitude 
Since the Shadow has the same motion as the Sun, the interval between them for any interval ot 
time before or after full moon is the same as the interval in tithi proportionate to the time interval. 
Therefore there is the proportion, if for 60 nadis there is the difference of the daily motion, how 
much for the interval in time. So the difference in motion is multiplied by the given time and 
divided by 60. Since the motions are measured along the ecliptic, the interval in minutes along the 
ecliptic is got, corresponding to the time interval. The distance between the centres is got thus: 

In fig 2 S is the centre of the Shadow and M is that of the Moon. SM' is the 'corresponding 
minutes' got for the interval in time. MM' is the Moon's latitude at the given moment. Since MM' 
is directed towards the pole of the ecliptic, the triangle SM'M is right-angled at M'. Since the 
triangle, being small, can be treated as a plane triangl e, we have, by the Pythagora s Theorem the 
distancebetweenthecentres,SM = ^SM 7 ^ MM' 2 = Vcorres. minutes* + latitude^, as given. The 
amount eclipsed in minutes = Rr = SR - Sr = SR - (SM - Mr) = SR + Mr - SM = sum of semi- 
diameters of the Shadow and the Moon, minus the distance between their centres. 



234 



PANCASIDDHANTIKA 



X.6 



Moon's orbit 



Ecliptic 




Fig. X. 2 



What has been proved for the lunar eclipse can be taken for the solar eclipse also, with the neces- 
sary changes. The difference in motions should be here corrected for parallax and used. That this 
corrected difference is always less than the uncorrected will be clear, when we consider that always 
the parallax-corrected half duration is always greater than the uncorrected, which we have already 
proved. Therefore it is clear that by multiplying the "corresponding minutes" by the uncorrected 
half duration, and dividing by the parallax-corrected half duration, will give the parallax-corrected 
"corresponding minutes". It is also clear that in the case of the solar eclipse we must use in the proof 
the parallax-corrected latitude in the place of the uncorrected latitude, the Sun for the Moon, and 
the Moon for the Shadow. When this is done, the proof is exactly similar to that for the lunar 
eclipse. 

Another thing is to be noted. The Hindu astronomers took the amount of eclipse at full moon 
or corrected new moon as the maximum and called it the magnitude, (grdsa-pramdna), though actually 
this is only very nearly the maximum and the actual maximum occurs a little earlier or later. If we 
take this full or new moon itself for doing the present work, since the time interval is zero, and 
thereby the 'corresponding minutes' are also zero, the latitude itself becomes the distance between 
the centres. Therefore we got that the amount eclipsed in this case (i.e. the magnitude) is to be got 
by subtracting the latitude of full or corrected new moon, from the half sum of the angular diameters, 
as already given. 

Now for the readings: vancchitanadi ('desired time') is meant here the interval in time from the 
full or new moon, either before or after. But TS have taken the expression to mean 'the desired 
point of time', and in order to get the meaning of 'interval' that is wanted for use, have emended 
the already correct sthitiliptdstdbhyas tat into tatsthitiliptdvivardt, which is unnecessary. Another 
thing must be said here. If the reading had been tithiliptdh instead of sthitiliptdh given by the 
manuscripts and accepted by us, it would have been better; for this would mean the minutes of tithi, 
as indeed these are, being part of a tithi by nature. 
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Time of total obscuration 

7 Take the difference of the angular semi-diameters, instead of their sum. 
Sauare it, subtract the square of the parallax-corrected latitude (in the case of 
the solar eclipse) or of the latitude (in the case of the lunar,) find the square 
root, double it, and treat it as tithi, (i.e. multiply by 60, and divide by the 
difference of the parallax-corrected daily motions for the solar echpse, or ot 
the mere daily motions in the case of the lunar). The time of total obscuration 
is got. 

In short, ever y thing done for the duration, using the differ e nce of the semi-diameters instead of 
the sum, is to be done for this. Halving this time and subtracting from or adding to the corrected 
new moon or full moon gives the first approximate times of immersion and emergence. In the case 
of the lunar eclipse, successive approximation should be done. In the solar echpse this .s not necessary, 
because the times of immersion and emergence are very close to the corrected new moon. The 
parallax-correction for the motion alone need be taken into account and that once tor all. 

Another point to be noted is that, in the solar eclipse, if the Sun's angular diameter is greater than 
the Moon' S ; instead of a total eclipse there will be an annular (ring-like) echpse, since the Moon will 
not be big enough to hide the Sun. The times got, in this case, give the begmmng and end of the 
annular phase. Also, the given examples cannot be continued to illustrate th» section because 
under the conditions got there will be no total phase, since the lautudes are greater than the differ- 
ence of the semi-diameters. The proof of the rules given here has already been given in connecuon 
with the eclipses according to the Vasistha and PauBa with graphical illustrations. 

Now for the text, and readings: The text does not instruct that the difference of the semi-diameters 
should be squared before adding to the square of the latitude. But mathemaucal P rin «P les J d ^ 
it, since the addition of an unsquared quantity with a squared one is unwarranted We have 
corrected visesavavanati into visesddavanati while TS have correctedit into visesaddaUmati and NP 
into visesdrdhabha P ati. It is clear that they have taken more liberty with the text than necessary, and 
it is also purposeless. 

i.Coi.A.D.^wr^mr^; b. ^^ ih^ ci&wn^» 
Thus ends Chapter Ten entitled 'Saura-Siddhanta: Lunar Eclipse' 
in the Pancasiddhantika composed by Varahamihira 

7a.b. A.3HcMN^l $$lNI=|cMfd; B.3inra<4ifq^q-iRi 
C.fa$WK<rHfa; D.f^T^P# 
b. B1.3.ft^ c. Bl.^I d. B.^t^ 
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Introduction 

Since the distinction among eclipse-types, and various ideas mentioned therein, will not be clear 
without graphical representation, the author Tollows up' the chapters on eclipses with one solely 
devoted to this subject. 



1. Using the stick-instrument with notch-marks of digits, draw the circle 
called the 4 sum-circle', having for its radius the half sum of the diameters con- 
verted into digits. Mark the east-west and north-south lines. (E-W, and N-S, 
in fig. 1). Similarly, using the semi-diameter of the eclipsed body, converted 
into digits as radius, draw the 'eclipsed body circle', concentric with the 
sum-circle. (See fig.) 

2. Find the versine of the hour-angle (of the Moon at mid-eclipse) and multiply 
this by the tabular sine of the latitude of the observer and divide by 1 20. Find 
the arc of degrees of the resulting sine. If the hour-angle is east, lay the 
degrees north of the east-point, if west, south of the east-point. The east-point 
with reference to the equator is thus got. (E', in the figure. E'— W is the cor- 
responding east-west.) 



^r(^r) %ci J)^ | 



M arking the ecliptic etc. 



la. B.WTT A.B.TWMtid^l:; C.D.^^crWI 



b. B.cHOT^sn^lt A.B.£T3^B.%TcTr 
c. A.qtffrll$iq; B.M (B1.3.3s[) ^ l W l l^^ l ; 



b. Al.^rT; B1.3.^ctB3.1^lt; C.D.feT: 
c. A.aWKW&wlHl; B1.3.3MI^<<&wIhi^ 
c-d C.D.°<^HI^HH< 




d. A.^T^TC; B1.3.WTCB2.WTST 
2a. A.^TOTCRTl; B.^KMcRi*]); D.^TTcJ 



B.«*l4l^l«Jdl; 
D.WTI^TF*TcTt 
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MHimfaE&*oi (t^)^i^KA^ || 3 II 

3. Add three rasis to the Moon's longitude and find the degrees of declina- 
tion of this point. If the declination is north, lay the degrees north of E', if 
south, south of E'. This is the east-point with respect to the ecliptic (E" in the 
figure.) Draw the straight line through the centre, E" OW" . E" - W" is the 
ecliptic east-west. By means of circles, (i.e. by drawing the perpendicular 
bisector), get the ecliptic north-south, viz. N" - S". 




For illustration, we shall represent in the figure the lunar eclipse worked out in the examples of 
chap. X. The angular diameters of the Moon and the Shadow got there are 31'. 8 and 76'. 9. The 
Moon's lat. at first and last contacts are, respectively, 19'. 35 and 27 '.65, both north. The first and 
second half durations are- nd. 4-14 and nd. 3-54, respectively. Let us assume that at T, the hour 
angle, is 10 nadis, i.e. 60°, west and the latitude of the observer is 10° 24' (N). The Moon's longitude 
has already been given as ra.4-0-0. 

<i) The half sum of the angular diameters = 108'. 7 -h 2 = 54'.35. This is to be converted into 
digits using the formula of verse 6, below, and used as the radius of the sum-circle. It is, 54.35 -e- 
(3 - 10/15) = 23.3 digits. According to the scale in the figure, 1 unit = 10 digits, this is 2".33. 

3b. B.<*ifen^i*iT 

c. A.faf*fct C.*T^ D.3^ 

d. A.B.^I^ A.4|l«JMl; B.h4tR D.3ft|XI 
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(ii) The semi-diameter of the eclipsed body, (here the Moon), is 31 '.8 h- 2 = 15'.9 = 15 -r- (3 - 10/15) 
in digits, = 6.8. According to the scale used, this is represented as, "0.7, radius of eclipsed circle. 

(iii) For the hour angle of 60°, the tabular versine = 60', and tabular sine latitude of observer is 
21' 40". Fromthese,thetabularsineoftheangleofdeflectioncausedbylat. = 60' x 21'40" + 120' 
= 10'50".Theangleofdeflection = 5° ll',southoftheeastpoint,sincethehourangleiswest.This 

is angle, EOE', and E' - W is the equatorial east-west. 

(iv) Longitude of Moon + ra. 3-0-0 = ra. 7-0-0. The declination of this point is 1 l c 44', south, 
which is the southward defection from E', represented as angle E' O E". E" - W" drawn is therefore 
the east-west of the ecliptic. 

(v) The perpendicular bisector of this, N" S", is the north-south direction with respect to the 
ecliptic. 

The explanation that may be required here has all been given in the context of the Vdsistha lunar 
eclipse (chap. VI), in connection with the graphical representation there. It has also been shown 
that the methods for the deAections are rough, and that using the versine for latitudinal deflection, 
as done by the early astronomers instead of the sine, is incorrect. It is also to be noted that the way 
of giving the representation by our author here is different from those of others, as also very 
limited in its scope. 

The readings: We have emended certain readings according to the idea intended to be conveyed. 
In the first stanza, the reading disam, is all right, and emending it into disah by TS and NP is 
unnecessary, since the singular form can give the meaning of the intended plural number, according 
to the sdstra. Again, in verse 3, it is enough if vahat is read as 'cakrat,' and there is no need to emend 
it into matsydt, as TS have done. NP emend it as bakdt, give it the meaning Tish' (!) and add a syllable 
'ca' at the end of the line to make up the metre. The intended meaning, viz. 'perpendicular bisector', 
can be got from cakrdt, following the ms lettering and meaning 'by means of circles', for it is by the 
intersection of circles that the fish-figure itself is got. 

*q^fedUl<*H d*MK^< (*J?T)^T«T^ || * || 

^t>i^^(i)^rT#(^) ^^raraarr || || 

Marking of points of contact etc. 

4. In the case of the lunar eclipse, mark on the 'eclipsed body circle' the direc- 
tion points in reverse of the points on the sum-circle in the fig. s e n w for N 
W S E. On the N" - S" line, mark the Moon's latitude at first contact (con- 
verted into digits,) according to its direction, (point L in the figure,) and take 
it (westward) to the sum-circle, (to f in the fig.) Join this point on the semi-circle 
and the centre with a straight line. 
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5. Where this line cuts the eclipsed circle (f in the fig.) is the point of first 
contact. To get the point of last contact also, similar work should be done, 
using he Moon's latitude at the time of last contact, marking it on N" - S" line, 
and drawing the line to the sum-circle in the opposite direction, (i.e. not west 
ward but earst-ward). (The point of last contact got is 1 in the fig.) 



Note: Since the directions are asked to be marked reversed in the case of the Moon eclipsed, we 
understand that they have to be marked as they are when the Sun is the eclipsed body. The first part 
of the instructions can be understood to be intended for first contact, since the second part is 
expressly stated to be for last contact. Since the Moon's latitude of the moment of last contact is 
asked to be used to find that point, we infer that the latitude of the moment of first contact is to be 
used to find the first point. The drawing of lines to the westward rim and eastward rim of the sum- 
circle can be inferred from the known directions of first and Iast contacts, keeping in mind that they 
are marked reversed on the Moon-circle. 

Thus, the following is the work to be done: 

(i) In the case of the lunar eclipse alone, mark the directions reversed, on its rim. Take the 
Moon's latitude at the time of that particular contact whose point is to be found. Measure it along 
N" - S" according to its own direction, and mark the point. (In the solar eclipse the latitude is to be 
parallax-corrected.) (In the fig. these points are L, A, for first and last contacts, respectively.) 

(ii) From this point, draw a line paraliel to E" — W", westward or eastward, respectively, for first 
or last contact, to meet the rim of the sum-circle, (as in fig, Lf or Al'.) 

(iii) Draw fO or 1 'O to intersect the rim of the eclipsed at f or 1. These are the points of first and 
last contacts. 

For example, in the fig, we shall find these: 

(i) The points of contat for the lunar eclipse is wanted. Therefore N W S E are reversed as s e n w. 
The latitudes are 19'. 35 N, and 27'. 65 N, Converted into digits, these are 8.3 and 1 1.9. According 
to scale, in the fig., these are 0".8 and 1".2. Measuring along ON", the points marked are L, and A, 
respectively. 

(ii) The westward parallel for tirst contact drawn is Lf ', and the eastward parallel for last contact 
drawn is Al'. 

(iii) Joining f and 1' with O, the point of first contact got is f, and the point of last contact got is 
1 . Thus, we find from the figure that the first contact is very near the southeast point of the Moon's 
rim, and the last contact is a little to the south of its west point. 



4b. 



d. 



c. 



A.B.^MM^ C.lMti <I$ D.t^MW^ 
A.C.D.ft J ktt>; B.^TcI* 
A.B.^I; C*$?l^; D.^?t^ 
C.fstffa^%; D.fS#T=J3 
A.°^I?*i^ || B.^^^kWMI^ || V || 
Really <T#HcI belongs to verse 5. 



5b. 



d. 



c. 



A.^ite^ B.faM^¥il«I: 
A.^JHII; B.**J>tf3«lT D.^f9U 
A.B.#«ff^r1^f; C.^SWK^; D.^git^ 
A2.ftHH^I 
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The explanation of all this has already been given. The author does not go beyond this in his 
graphical representation. The corrections of the text to agree with the ideas intended to be 
conveyed, are easily understood. 

arpKte^rc W]^r chrfoiil ^ljg^bri^ II * II. 

Conversion of minutes into angles 

6. So that the graphical representation may appear as the eclipse is seen actually, 
the minutes of arc are to be converted into digits, at 2' per digit when the 
Moon is near the horizon, and at 3' per digit when it is on the tenth sign, i.e. 
meridian, and proportionately in between. 

The proportion is as follows: In the fifteen nddikas (roughly) when the Moon rises from the 
horizon to the meridian, or falls from the meridian to the horizon, there is an increase of one 
minute of arc from 2' to 3', or decrease of one minute of arc from 3' to 2'; what is it at a given time? 
The number of minutes thus obtained is to be represented by one digit in the graphical represen- 
tation. At this rate the minutes of latitude etc. are to be converted into digits. In the example, for 
the hour angle of tennddis, we have the rate per digit, (3 - 10/15) = 2 1/3 minutes, i.e. three digits 
per seven minutes. 

The following is the explanation of the conversion formula: The Sun and the Moon appear to 
be larger at the horizon, and to become smaller and smaller as they proceed to the meridian and 
near the zenith. This is an optical illusion, and really the size is practically the same, as can be 
proved by measurement, taking photographs etc. We shall not explain the phenomenon here as it 
is outside the pale of astronomy proper. But we must mention that the explanation given in some 
works like the Siddhantasekhara in wrong. 

Our author has taken that the magnification at the horizon is one and a half times that at the 
zenith, (practically the meridian in our latitudes) and the increase in size is proportionate to the 
hour angle, though this may not be strictly true. He also thinks that the orbs, which are nearly 32', 
appear to be about 1 1 digits near the zenith, and about 16 digits at the horizon. Hence his rule, two 
minutes per digit at the horizon, and three on the meridian. With the possibility of different people 
giving the actual estimate of size differently, what the author says must be taken as only approxi- 
mate. Therefore no harm will ensue by taking the meridian for the zenith, or by taking the mean 
value of the maximum hour angle, viz v 15 nddikas, in finding the proportion, especially in our 
latitudes. 

6b. A. ^«H|rt 1. Col. A,B.^HI^+KVII*2M: | 

d. B.*Rft ^^^^^^^^^^. y D.3T[3]q4i^i<v?il<ZM: | 

Thus ends Chapter Eleven entitled 'Eclipse Diagram' 
in the Pancasiddhantika composed by Yarahamihira 



Chapter Twelve 



PAITAMAHA SIDDHANTA 

Introduction 

In this chapter Vardhamihira deals with the Paitdmaha siddhdnta, the other four having already 
been dealt with. As an astronomical work the Paitdmaha is of very little value, as the author has 
remarked m his Introduction, "the tithis of the other two, (meaning the Vdsistha and the Paitdrmha) 
are tar from correct." Smce this siddhdnta gives only the mean Sun and Moon, and therefrom the 
mean tithis, it cannot satisfy the requirements of the Dharmasdstras. But it is historicaily important 
as a system that immediately foIlowed the VeddngaJyotisa. We shall explain at the end of the chapter 
how this could have subserved religious purposes in ancient times, and what merits it possesses as 
the basis of a civil calendar. 



sti Un w i M»ifanf Ai**h aus&nmm \\ % \\ 
%m muRwua $^[wft] || * || 

Days from Epoch 

1. The Siddhanta otPaitamaha teaches that the luni-solar^a is five years. 
After every thirty synodic months there is an kitercalary month, and there is 
an omitted day for every 62 lunar days or tithis. 

2. Subtract two from the years of the elapsed Saka era, and divide out the 
remaining year by five. The 'days from epoch' are to be calculated for the 
remaining years etc, the first day being the suklapratipad of the month of 
Magha. The naksastras of the Sun and the Moon, calculated by using the days, 
are for sunrise. 

1-2 QuotedbyUtpalaon5S8.22 
lc. D.TRT: 

d. A.HI^<=WfelM^I^ |; B.HllWcWR^^Icb? 
(B2.3.^ZW) 
C. \6!\%t\\ % 



2a. A.B.SfT;U.^T 
b. A. T Taf^T^; B.^raT^^Al.^Rtor 

c. A.B.°^rafe?ira 

d. A.B.C.D.f^(B.^C.D.<^7M 
A.C.D.fR?^qi^ B.d4&4$ U. dwy^ 
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The period after which the Sun, Moon, and the planets all meet again at the first point of the 
zodiac is commonly called theyuga, meaning "the period of union." Here this is meant for the Sun 
and Moon alone, and this Siddhdnta takes it to be five years, approximately, with a view to convenience. 
In the same way, the statements that there is an intercalary month after every thirty months, and 
an omitted day for every 62 lunar days, are approximate, and rounded off for convenience. The 
first tithi of the light fortnight of Magha begins the yuga, and the year and the day begins with sun- 
rise. 

The author has not mentioned the number of intercalary months or days in theyuga, nor has he 
given how to get the 'days from epoch', expecting the readers to be ekperienced enough, by now, 
to know it for themselves. He has indicated it in 1.16, and we have explained it under 1.14-17. The 
only thing that is necessary is to know the years of the beginnings of the yuga, and this has been 
given here as two years after the saka epoch, and every five years thereafter. 

We shall first compute the number of the intercalary months etc in the Yuga. The number of 
years in the yuga is 5, given. The solar months are 5 X 12 = 60. The intercalary months are, 60/30 
= 2. The lunar or synodic months are, 60 + 2 = 62. The lunar days or tithis are 62 X 30 = 1860. 
The omitted lunar days are, 1860 - 62 = 30. The (civil) days are, 1860 - 30 = 1830. The Moon's 
revolutions are, the Sun's revolutions + the synodic months = 5 + 62 = 67. The Yyatipdtas are, solar 
revolutions + lunar revolutions = 5 + 67 = 72. The number of days in the solar year is, 1830 -h 5 
= 366. The days per ayana are 366 v2 = 183. This is enough for our purpose. 

To get the 'days':- 

(i) (Elapsed saka years — 2) -r- 5. Take the remainder alone. 

(ii) The solar months gone = (i) x 12 + elapsed months from Magha. 

(iii) The intercalary months = (ii) + 30. Take the quotient alone. 

(iv) The lunar months gone = (ii) + (iii). 

(v) The lunar days gone = (iv) X 30 + tithis gone in current month. 

(vi) Omitted days = (v) -=- 62. Take the quotient alone. 

(vii) The days from epoch are, (v) - (vi). 

The tithis gone, used in (v) are actual elapsed tithis, and not those increased by one (according to 
verse 4. of this chapter,) for calendrical purposes. If the latter is used, subtract the calendrical 
elapsed tithi from the remainder got in (vi). If this is greater than 46, lessen the days from epoch 
by one to get the correct days. The reason for this will be explained while dealing with verse 4, 
following. Further, since there can be no fraction of intercalary month or avama at thebeginning 
of ayuga carried over from a previous;ywg-a, there is no ksepa for these, in the computation rules. As 
for the explanation of these rules it has already been given in chap.I, when dealing with the rules 
for days from epoch according to the Romaha. The names of the five years, (not given in the text,) 
are: Samvatsara, Parivatsara, Iddvatsara, Anuvatsara, and Idvatsara. In certain Vedic sakhds, there is 
a slight variation in some names. 

As for the reading of the text, we have corrected dyunam, into dvyunam, since the former is 
meaningless in the context. 
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Example 1. Compute the 'days from epoch' according in the Paitamahajor the sunrise of calendrical date 
deventh of the light [ortnight of Kdrttika, in the elapsed Saka year 426. 

(i) (426 - 2) -f- 5 = 424 5. Here the remainder is 4, the years gone, in the current yuga. The 
fifth, Idyatsara is current. 

(ii) Counting from Magha, 9 months have elapsed betbre (Karttika), in the current year. .-. the 
solar months gone = 4X 12 + 9 = 57. 

(iii) Intercalary months = 57/30, = 1 27/30 (quotient = 1) 

(iv) Lunar months gone = 57 + 1 = 58. 

(v) The calendrical^te gone in the month are 10. .\thetotalft'</jwgone = 58 X 30+ 10= 1750. 

(vi) Omitted tithis = 1750 + 62 = 28 14/62. (The quotient, 28 are the omitted tithis). Since the 
remainder, 14, minus 10, leaves 4, which is not greater than 46, the calendrical tithi itself is the tithi. 

(vii) Days frbm epoch = 1750 - 28 = 1722. 



I^etct'^: 7Tftro ^Piyi^H || ^ II 

Tithi, Nak§atra etc. 

3. Add to the 'days' a sixty-first part of itself. The total tithis are got, (which, 
divided out by thirty, leaves the tithis in the month). Multiply the 'days' by 9, 
and divide by 122. The total naksatras are got, (which, divided out by 27, gives 
its actual naksatra, reckoned from $ravisthd). Multiply the 'days' by 7 and 
divide by 610. Subtract this from the 'days'. The remainder are the total 
naksatras of the Moon, (which, divided out by 27 and the remainder counted 
from $ravisthd, is the Moon's naksatra). 

The following is to be done:- 

(i) Tithi = 'days' + 'days' -f- 61 . (This, divided out by 30, and the remainder counted from sukla- 

pratipad, is the tithi proper). 

(ii) Sun's naksatra = 'days' X 9 h- 122. (This, divided out by 27 and the remainder counted from 
$ravisthd, is the Sun's naksatra). 

(iiij Moon's naksatra = 'days' - 'days' X 7 + 610. (This, divided out by 27 and the remainder 
counted from $ravistha, is the Moon's naksatra). 

Example 2. For the date of Ex. l,find the tithi etc. 

The 'days' got there are 1722. 

(i) Tithi = 1722 + 1722 61 = 1722 + 28 14/61 = 1750 14/61. Divided out by 30, the remainder 
is 10 14/61 . .-. the lOth Tithi of the light fortnight is gone, and 14/61 of Ekadasi has gone at sunrise. 

3. QuotedbyUtpalaon5S8.22. b A.B.«WI#M (B.W) 

3a. A.B. &«>*WM (B.^) %prft; U.°^*I?flt° 

C.&f*IOT?t^Ft; D.^Plt^^M; c. A.B.^HS; D.^: 

"u.4N#^ d. A.^A.«iPi5rajB2.«r%m 
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(ii) Sun's naksatra = 1722 x 9 -M 22 = 127 4/122. Dividing out by 27, the remainder is 194/122. 
Counting from Dhanistha, Citra is gone, and the Sun is at 4/122 of Svati, 

(iii) Moonsnaksatra = 1722 - 1722 X 7 - 610 = 1722 - 19464/610 = 1702 146/610. Divided 
out by 27, the remainder is 1 146/610. Sravistha is gone, and the Moon is at 146/610 of Satabhisaj. 
It is to be noted, that two of these being known, the third can be counted from them. 

The following is the explanation of the rules: Under verses 1 -2, the number of days in the yuga 
etc. have been got. Using them, the total tithis are got by the proportion, 1 830: 'days' : : 1860: Tithis. 
.-. Tithis = 1860 x 'days' -s- 1830 = 'days' x 62 + 61 = 'days' (1 + 1/61) = 'days' + 'days' + 61. 

Next, sincetherearefivesolaryearsinthe;ywgw, there are 5 x 27 = 1 35 solar naksatras. We have 
the proportion, 1830: 'days' :: 135: total Sun's naksatra. .-. Sun's nahsatra = 135 x 'days' 1830 
='days' X 9 122. 

Next, since there are 67 revolutions of the Moon in the yuga, there are 67 X 27 = 1809 naksatras. 
So, we have the proportion, 1830: 'days' :: 1809: Moon's naksatras. .-. Total Moon's naksatras. = 
1809 X 'days' -5- 1830 = 'days' X 603 - 610 = days (1 - 7/610) = 'days' - 'days' X 7 - 610. 

While the mss. readings tryamsaWamce etc. are corrupt, Bhattotpala's reading saikatrimse itself is 
wrong, since it contradicts facts, and we have eraended it into saikartvamse. TS have corrected is as 
saikasastyarnse gane which is not proper since the correction does not follow the letters of the text. 
NP emends it as saikasa^amse for the number 61 that is required, but generally the said number is 
not found to be formed thus. 

3n^^^^t(TT)TT5rTt5^T8Trfrrf«I: TJ^f | 

Vyatipata 

4. If the moment of full or new moon falls before noon, the second of the 
two iitkis eonnected with the day is the (civil) tithi for the day, otherwise the 
first. Multiply the 'days' by 12 and divide by 305. The Vyatlpatas are got. 

The tithi of this Siddhdnta is mean tithi. Since this is less than the day, each day has parts of two 
tithis connected with it, and we have to fix one of them as the date of the particular day. It is this that 
is done by the first half of the stanza, it seems. If others like the Sraddha-tithi are meant to be fixed 
here, they would be mentioned by name. The mere word tithi without an attribute must mean only 
the date. Agreeing that the date is meant to be fixed here, is it the date of the full or new Moon alone 
that is fixed here, or that of any day? From the word paroa used, one may think it is only the former 
that is sought to be fixed. But this cannot be, since fixing the date of one particular day among so 
many is practically useless. If it is argued that the Fixing of the day asparua or pratipad is useful to 

4b. A.c^RRf#^;B1.3.^^#W; B2.^fcl^ 

c. AB. ^ l iMMIdl ; D. ^M I d) 
d. A.lFFt 

A.WR|s.T^:; B.MHIHt^llA (B^.^^O 
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determine whether the anvddhdna or the isti is to be performed on that day, then the general term, 
tithi, need not have been used, and it would have been easier to mention the thing. Further this is 
a matter for the Dharmasastras to deal with, not for an astronomical work. Ther.efore, by fixing the 
date of the parua, the author means to fix all the subsequent dates following, upto the next parva, 
and make them convenient for civil use. If the dates are consecutive, one for each day, it will be con- 
venient for civil reckoning. If there is ajump, omitting one date in the middle (tithiksaya), it is plainly 
inconvenient. The instruction in the verse secures that the dates follow without omission in the 
middle of the fortnight. For, if the moment of full or new moon is after noon, there will be no omitted 
tithi in the fortnight following, and the corresponding dates will follow one after another each day, 
beginning from prathamd, next day. But, if the moment of full or new moon is before noon, then 
there will be an omitted tithi in the fortnight following, since the remainder in getting the omitted 
days will be greater than 46, increasing by one each day. Therefore, if now the day of full or new 
moon itself is reckoned as the first date of the fortnight, then the reckoning can be continued to the 
end of the fortnight without omission. It is bearing in mind this idea implied by the text, that we 
made a distinction between the astronomical and the civil date, in giving the computation of the 
'days from epoch'. The Siddhdnta is only repeating here the idea of the Veddnga Jyotisa in: 

dyu heyam parua cet pdde pddas trimsattu saikikd j 

the term pdde (meaning 'quarter day') corresponding to the term ardhe in our text. The thirty-one 
parts mentioned form the measure of thepdda, in units of 1/124 parts of a day. 

We have explained the yyatipdta in detail, in our commentary on III. 20. We must remember here 
two things that we said there: 

( 1 ) Vyatipdta occurs when the Sun and the M oon have the same declination, (both north or both 
south), and when one is moving northward while the other is moving southward. 

(2) If the Sun, Moon, and declination are all mean, as here, and if the first point is at the solstice, 
as here, m\d-vyatipdta-yoga must fall when the Sun + Moon equals 12 rdsis. In the yuga, (of 1830 
days) there are 5 + 67 = 72 such yogas, i.e., vyatipdtas. Therefore, for given 'days', there are, 72 X 
'days' + 1 830 = 1 2 X 'days' h- 305 , vyatipdtas, as given here. The quotient obtained are the vyatipdtas 
gone. But this knowledge is practically useless, and we must take it that the SiMhdnta intends here to 
give when the vyatipdta occurs, a time extremely propitious for gifts, japa, homa, etc. This can be 
tound easily from the remainder. Divide this by 12. The result is days etc. gone from the last vyatipdta. 
Subtracting the remainder from 305 and dividing by 12, we get the days to the middle of the next 
vyatipdta. If the remainder is zero or nearly so, it is clear that the vyatipdta is on. 

Example 3(a). Given the 'days' 1697, what is the tithi/or that day, and the subsequent days, upto the end of 
the /ortnight? 

The tithis gone = 1697 + 1697 + 61 = 1697 + 27 50/61 = 1724 50/61. Dividing out by 30, the 
remainder is 14 50/61, i.e. 50/61 part oipurnimd has gone, and 1 1/61 part remains. Since the tithi 
is equal to 61/62 day, 1 1/61 tithi equals, 1 1/61 x 61/62 = 1 1/62 day. The full Moon ends at 1 1/62 
day, i.e. before noon. Therefore that day itself is Prathamd, (not Purnirnd). (The same conclusion 
follows from the remainder of the omitted day, 5 1 , in this case, (minus zero, for the civil day gone,) 
being greater than 46. After this, for ten days, the tithis are from the second to the eleventh, for civil 
purposes, though at sunrise the tithis are from the first to the tenth, the eleventh being the omitted 
tithi. On the next dav the tithi at sunrise is the twelfth, as also the civil tithi, and so on. 
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Emmple 3(b). Given the 'days' 1 722,ftnd when the vyatipdtafalls. 

1722 X 12 -r- 305 = 67 229/305, i.e. 67 vyatipdtas have gone, from the beginning of theyuga. The 
remainder is 229. Dividing by 12, we get 19-5, days etc. gone from last vyatipdta. Subtracting from 
305, and dividing by 12, we get days etc. 6-20, to go for the middle of the next vyatipdta, i.e, it will 
be falling at 20 nddis on Kdrttika Krsna-dvitlyd. 

The correction of the reading here is easy to understand. Of TS, the latter says some farfetched 
thing as the meaning of the tirst part of this verse, which seems meaningless to me, and the former 
without saying anything himself , refers us to the Sanskrit commentary, evidently not understanding 
it himself. In explaining the Vyatipdta, their use of the one forming the seventeenth of the series 
Viskambha etc, can serve no purpose in the present case. The same confusion is seen also in NP 
(see Pt II.p.82). We have already shown that the series itself did not exist at the period of Varahamihira. 

0M*Wi$cK<il ) (^TT) (^RTo?T)Tl1q^^FTO | 

(ft£) < ¥ l f¥K« '^'gra9T(^Tf|tT) R**WHH II 

Duration of a day 

5. Take the days gone in the Uttardyana, i.e. the northward course of the 
Sun, and the days to go in the Daksindyana, i.e. the southward course. Multiply 
by two, divide by 61 , and add 12. The duration of the day time (in muhurtas) 
is got. 

Though the text is very corrupt here, since we know that the duration of daytime is given here, 
and that as mentioned in the Veddnga Jyotisa, many words occurring in that work being recognisable 
here, we have succeeded in reconstructing the verse using the letters found in the text, though not 
to our entire satisfaction. But there is no doubt about the idea intended to be conveyed, viz. that of 
VJ (verse 22 of the Rgueda version and verse 40 of the Yajurueda version). But TS and NP, in order 
to retain the expression dvddasahlnam, read into the text many impossible things and make several 
emendations not caring even for the metre. 

The rule given is thus explained: According to this Siddhdnta the shortest day is 12 muhurtas, at 
the end of the southward course and the beginning of the northward at Winter solstice, and the 
longest is 18 muhurtas at the end of the northward course and the beginning of the southward, at 
Summer solstice. Each course has 183 days, and the increase or decrease of daytime is considered 
uniform. Therefore, since there is an increase of 6 muhurtas from 12 in the 183 days of the north- 
ward course, the increase for a desired number of days (counted from the beginning) is: days gone 
x 6 183 = days gone x 2 -*■ 61. So, theduration is 12 + days gone x 2 ■*■ 61. Taking the south- 
ward course, it is 12 muhurtas at the end, proportionately greater, the earlier is the day, the increase 
being 6 in 183 days, at the beginning of the course. Therefore, during the southward course, the 
duration is 12 + the days to go in the course X 2 -5- 61. It is to be noted that the author has not said 

5a. A.B. ^(diH^TK*!) (B1.3.°(I#); C. «fadAwj RhhTm 4I«IWH« 

C. ^I^I^Rd: ; D. R#] [^] Wt D. ^'Id^H^^I"!^ 

b. A.-W^ldilHlM^^WW; c. A.ft£; B.lCT B.^ 

B.^(B3.^r)ifi" l Rra i Tfq^ , iFiw; d. a.b.c.d.?j^#t 
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from the rule for vyatipata. 
Emmple 4 Given the 'days' 1 722,find the daytimejor the day Jollowing. 

1722 + 366 = 4 258/366. Four years have gone, and 258 days in the fifth. ^ 83 ^ 8 ^ 

northward course have gone, and V5 days ^I^^^J^ £Sl^?5 S&l . 
183 _ 75 = 108. Thedurationof daytime in mu/mrto = 12 + 108 X l . bl u + * ooioi 

To conclude, it has been said in the introduction to this chapter that the Sun, Moon etc. of this 
Siddhanta are only mean, not true. Some think it is even worse than this, which we must inrotigate 
now. We have seen that, according to this Siddhdnta, there are 366 days m the year, 5 years or 1 830 
days constitute the^ and there are 62 synodic months in it. But actually there are about 365 
days in the year, and ilso 62 synodic months take 1830.8965 days. Therefore, instead of bemg at 
the zero point of Sravistha at the beginning of each yuga, the Sun will be advanang by about three 
degrees per^ga. The synodic month being not completed, it will be really only Caturdasi then and 
at the end of every yuga, the tithi will be preceding by about one peryuga This is common to both 
ts SMtenta and thf Yeddnga Jyotisa. But accumulation of this ™»f™%^J™J£ 
Yuga to the correct Saka year, by the instruction to use the Saka year for finding the year of theyuga 
(This is of the same nature as tying the lunar year to the solar.) It maybe said, m passmg that at 
he period when the VJ was followed, actual observation was used to find out when a correctton was 
wanted and the same made by simply omitting an intercalation, for which, !t is possible, they ' could 
even have discovered a formula in the long run. We have made th 1S clear in our Notes tc > th : VJ 
(Indian National Se. Ae., New Delhi, 1985) and the during the Seminar on Indian Calendar held 
by the Institute of Traditional Cultures, University of Madras. (Bulletin of the Institute of Traditional 
Cultures, Madras, 1968, Part I, page 60.) When thus the accumulation of error is taken care ot, 
g iving 366 days to the year is extremely convenient for civil, calendncal, and even rehgious 
purposes since it makes calculations easy in the same way as we, even now, take the year to have 

365^^ 
^d1ldaysfore^^ 

month hal 30 days and a half, a fraction easy to work with. Further, the fortmght or paksa wa. the 
um" used then in the place of the modern week. We have show*, in our Notes on verses 2 and 4 
Xve how it was secured that the dates follow consecutively in the paksa, a factor so essentia ^or 
a dvil calendar. The a PP roximateness of the tithis etc. being mean, is of course there, but this is only 
an advantage in civil reckoning. As for religious purposes, the true tithis etc. reqmred ^or ntes lAe 
darsa-tmrnlmdsa were -guessed from earlier observations, as we have said, and there are several 
nS_ffiE in the Yeda! that such was the case. The abhyuMyesU, enjoined 

Moon is observable in the east between the anvadhana on the prev^u. d ay ^ on *e ne* 
day, is one such indication, for, if the visibility had been properly calcu ated from the true Sun and 
Moon, using drkkarma etc. there would be no need for abhyuaayestt at all. 

Thus ends Chapter Twelve entitled «Paitamaha Siddhanta 
in the Pancasiddhantika composed by Yar ahamihir a 

Col A.D.<ft(Aom*ro *dWl^U^^ 



Chapter Thirteen 



SITUATION OF THE EARTH: COSMOGONY 

M^MflU<^MK|J | U I M$A *#>TtrT: | 
T§r^**MK*it c% ^cdidR^mt cjrT: II ^ || 

d<H'HmKIMKRd^lfefa fe<T: | 
^yplHil: ^tof^5£f:to ^TT: || ^ j| 

uRdMdcMU^Hi ^cJl^isll ^^^rSTT^TT | 
^cT^ 'lid^<|U|i IFSRT #STZT*T> tcT^TT^ || 3 )| 

r^lRa^l^l faTT<P7tq f flfdij,flfd ^5 fesT^ j 
^Tgjc^ MHclHi a^ l U ll <Tg^c7TS^T: ||* || 



Situation of the earth 

1. The spherical earth which is constituted of the five elements, stands 
poised in the region of space, marked by the host of stars forming a cage as it 
were. 

Note: The earth is called so because of the five elements constituting it, it is predominantly 
earthy. 

2. The whole earth-surface is spotted by trees, mountains, cities, rivers, 
oceans, etc. The Meru mountain, (forming the North pole), is the abode of 
Devas. The Asuras, (Demons), are down below (i.e. at the South pole.) 



1-4. QuotedbyUtpalaonBS2.55;by 
Siiryadeva and Nllakantha on ABh. 
Gola. 6;2-3 by Prthudaka on BrSS 

2 1 . 3 ; 3 by Suryadeva on ABh. Gola 1 2 . 
la. A.^ 



; C.D. 



c. A.i 

d. Al.^I: 

2a. A2.^T. Al.H^K-WHWR^ B.H J K+«JH<-HR< 

b. B2.°ftfaa: 

c. A.°«lfFT<TT 
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% Tust as the reAection of the objects on the bund of a water course is 
„5^^^A.«™ are, (wii respect to the Devas). The Asuras too 
consider the Devas to be upside-down. 

4 Tust as the flame of thc fire, observed by men here, flares upwards and 
anything thrown up falls down towards the earth, the same upward Aanng of 
the flame, and the down-ward falling of a heavy object is expenenced by the 
Asuras, (at the anti-podal region). 



<rafag^r m>di Mci^i ^rt wm: im || 

Htii >jb4W\ iWG&-- wRgWH^ II* II 

Rotation of the earth 

5 The axis of the earth extends right up and right down to -the stellar 
sphere. The stellar sphere, bound by the axis to the earth, rotates by the wmd 
system called Prcwaha. 

once a day. 

6 Others say that the earth rotates on its axis, like an object placed at the 
hub of a wheel, and not the stars. If so, birds like the eagle flymg up into the 
sky, cannot reach their nests back. 

reach the nest. But they do reach, and so this theory is false. 
3a A.B.^to ( B3.*HI> , C.^HT Utpala on BS 2 pp.*W7, and 6 c . d quoted by 

b. B1.3.*H* PrthudakaonBrSS21.4. 
c. Al.WlRr; A2.**W&; B.TO» B JR* ^ r v 

AHapl.om.^t-" 1 ^^ b U.*t^tA.B.#^ 

(inverse4) c A ^ a.^; B1.3.W; B2.WTI 
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^eWct^l^tg» ^5Tf%^ SPCT^T || 6 || 

7. Further, on account of the great speed of the rotation of the earth, banners, 
flags, etc. will always be flown westwards, (just as the cloth of a man running 
eastwards in still air, is blown westwards). If, to obviate this objection, a very 
slow rotation is postuiated, how does the rotation (once a day), take place at 
all (i.e. one rotation cannot be completed in one day). 

8. Arhat, (the propounder of the Jain religion) has written that there are 
two Suns and two Moons, each rising alternately. If so, how does the line join- 
ing the Sun and the celestial pole goes round exactly once in a day round the 
pole? 

Note. This observation shows that the celestial sphere movers once round in a day and carries 
with it all heavenly bodies. So the same Sun appears each day after one rotation. Therefore, the 
postulation of a second Sun is purposeless. The same for the Moon. 

[$*m<( u li fwf?!:] 

5ila$ElW I U | i ^M^ I dj) 3*jTH : | 
^MRglrH^Wi yfd^^^MIM<l<)u||^ || || 

Rj^ l ^ W ^KVW^ l fd fag l 4)^ : | 
^W^mihi isnjt ^PHT || \\ || 

RwpiHi \\ ^ \\ 

4^44 itaiRwi^ ^Ih^* l 

^T ^I: ^f r^y^W r\WU: || ^ || 

8a. A.%^ B.%§| 

7a. A.^B.T^ b. A.B.C.D.U. ^HKM l (A<T) 

b. A.B.WTI3EW; D.9TOT c. B.T*^f% 

c. B.WIwJi"! d. B.^ft^|t;U.H^ 

d. B.WWWJ A.WTfr ; B.W^?I 
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Situation of the Gods and Asuras 

9. The Sun, situated at the beginning of the sign Mesa, moves along the horizon 
in the clockwise direction, as seen by the Devas, at the North pole. As seen at 
the equator, it moves upwards (along the prime vertical). For the Asuras at 
the South pole it moves along the horizon, in the anti-clockwise direction. 

10. The Sun at the end of the sign Gemini is seen moving (by the Devas) 
round at an altitude of 24°. On that day, it is seen crossing the zenith at Ujjain. 

(Note. VM considers that the maximum declination of the Sun is 24°, and the latitude of Ujjain 
is 24°, which is only approximately correct.) 

1 1 . Thus, on that day, at mid-day, there is no shadow cast by the gnomon at 
Ujjain. North of Ujjain the mid-day shadow is directed north, and for people 
south of Ujjain the shadow is directed south. 

12. Some say, "when the Sun is situated in the three signs Mesa, Rsabha and 
Mithuna, it is day-time for the Devas, but when in the signs Karkataka, Simha and 
Kanya, it is night-time. I salute them, (and wish to be rid of them since they are quite 
wrong.) 

Note. The authors of the Dharmasastras, followed by the generality of people, consider that the 
uttardyana, i.e. the northward course of the Sun from the beginning of Makara to the end of 
Mithuna is day-time for Devas. Its southward course from the beginning of Karka.a to the end of 
Dhanus is considered their night-time. It is their ignorance that is referred to here. 

13. Moving in the same north latitudes when in Karkata, Simha and Kanya, 
as when in Mithuna, Rsabha and Mesa, how can the Sun be seen and not seen 
by the Devas, so that it is day-time (in the first three months,) and night-time 
(in the next three months). 

Note. The mistake of these people lies in thinking that uttardyana is the day-time of the Devas, 
and daksinayana is night-time. It is only when the Sun is north of the equator while in the 6 signs 
Mesa to Kanya, it can be seen by the Devas, forming their day-time, and in the 6 other signs, it can- 
not be seen, and it is night-time. 

9-13 QuotedbyUtpalaonfiS2.pp. c. A.rRfg«n^t; C.D.c^f^ [TH]^ 

57-58, 9 quoted by Prthudaka onBrSS 21.6; B. Hapl. om.: mW{ ( 1 lb) [ ^m, 

12quotedbyParamesvaraonAM. Gola 14. 12d] ^T. Scribe oblivious of the omission and 

_ __, " numbers the extant verses consecutively 

9a. U.xl-Knh . , 

. . 3. _, _ ■_ , „ . and breaks the hnes to suit the metre. 

b. A.W^^:;B.^^:(B3.fFT:) ^^^^ 

v . * c. A.C.D. U.^rPT 

lOa. B.°%cr^A.B.fi^n a»fcK&Minftlq 3*n> I 

fi ^Aia^.. 13a - A.C.D.U.*Wlft; B.*Ml*Hfcmft ^ 

, , ' v • • ._' b. A. -H(H«4Tilsfq (A2.Tlfa^^0; B.WI^N uI^sWh 

, O . c.B 1 . 2 . B . iHM 

lla-b. A.tfMW$^^3JWRT; B.«MwW*_cg?WM7 * 
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tioned only for the first contact, the two common statements anayd sthitir bhavati and sthityavisesah 
krtoydvat, indicate this. 



[ fW» i *niw :] 




Obscuration at any desired motnent 



5-6 Take the nddis before or after full or new moon upto the times for which 
the amount eclipsed is wanted. Multiply this by the difference of the Sun's 
and Moon's daily motions, (mentioned above), and divide by 60. The 'corres- 
ponding minutes of arc' are got. Square this, square the Moon's latitude for 
the moment, add them, and get the square root. Subtract this from the half- 
sum of the diameters of the eclipsing and the eclipsed bodies. The remainder 
is the minutes of arc eclipsed, at the moment taken, of the Moon in the case 
of the lunar eclipse, and of the Sun in the case of the solar eclipse. 



It is clear that by 'corresponding minutes of arc' is meant here, the distance in minutes between 
the Moon and the shadow, measured along the ecliptic. From the instruction it is clear that the nddis 
taken is the interval between full or new moon and the moment for which the amount of eclipse is 
wanted. It is clear from the context that the Shadow is meant by the word Rahu. Though from the 
mention of the Shadow, and the Moon's latitude without any mention of parallax, this seems to be 
given for the lunar eclipse only, the expression arkendvoh at the end shows that this is meant for the 
solar eclipse also. The author thinks that the reader has acquired sufficient knowledge, by now, to 
make the necessary changes when applying the rule to the solar eclipse. Therefore, in the caseof 
the solar eclipse, the amount eclipsed is got by using in the rule, the parallax-corrected latitude for 
latitude, the Sun's and the Moon's angular diameters for those of the Moon and the Shadow, and 
the parallax-corrected difference of daily motions for the mere difference of daily motions. Thus, 
the ibllowing is instructed to be done: 

A. To find the amount eclipsed in the case of the Moon 

(i) "Corresponding minutes of arc" = difference of instantaneous daily motions of Sun and 
Moon X interval in nddis from full moon 60. 



5c. C.dlcH^lrlld^ll^W^ A.B.cPqW; D.cll«^ 
d. A. TllTl^-< |g (A2.tHrlĕET). AB.Ml^ 
6a. B.clRratT 



d. 



b. 



c. 



B/?l$R]3r (B2.B.S3T) ^wi. A.C.D.<*xHteWH; 

B.+(HIMH|U| 

Al.^J&T; A2.^?M 

B1.3.i#^: 
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(ii) Dista nce in minutes between the centres o f the Moon and Shadow 
= V(i) z + (the Moon's latitude at the given time)*. 

(iii) The amount eclipsed in minutes = half-sum of angular diameters of the Moon and 
Shadow — (ii) 

B. To find the amount eclipsed in the case of the Sun. 

(i) "Corresponding minutes of arc" = The minutes obtained as by A (i) X the half duration not 
corrected for parallax + the half duration corrected for parallax. (This will be a little approximate, 
but has been given for case of computation, since the two times are known.) 

(ii) Distance in minutes between the cent res of the Sun and the Moon 
= V (i) 5 ' 4- (Parallax-corrected lat. of time)*. 

(iii) The amount eclipsed in minutes = half sum of angular diameters of the Sun and the Moon 
- (H). 

Emmple 3. Continuing Ex. 2,find the amount of the moon eclipsed 3 nadis after T. 
A. (i) Corresponding minutes of arc = (780' - 60') X 3/60 = 36' 

(ii) Distance between centres = V36* + 26.6* = 44'.76 (having found that the Moon's lat. at the 
moment is 26'. 6). 

(iii) Amount eclipsed = 54'. 34 - 44.76 = 9'.6. 

Example 4. At a certain solar eclipse the difference of Sun and Moon's motions isfound to be 720', the 
parallax-corrected latitude, 2 nddis before the parallax-corrected new moon, isfound to be 15', the sum ofthe 
semi-diameters is31'.9, the un-corrected half duration is nd. 2-30, and the corrected half duration is nd. 3. Find 
the amount ofthe Sun eclipsed, at 2 nddis before the parallax corrected new moon. 

(i) Corresponding minutes of arc = (720 X 2 + 60) X nd.2 1/2 + nd.3 = 24 X 5 - 6 =20' 
(nearly). 

(ii) Distance between centres = ^20* + 15* = 25 ' . 

(iii) The amount eclipsed = 31'.9 - 25' = 6'.9. 

The following is the explanation of the method: Let us first take the case of the lunar eclipse. At 
full moon, the Moon and the Shadow are in conjunction, i.e. they have the same true longitude. 
Since the Shadow has the same motion as the Sun, the interval between them for any interval of 
time before or after full moon is the same as the interval in tithi proportionate to the time interval. 
Therefore there is.the proportion, if for 60 nddis there is the difference of the daily motion, how 
much for the interval in time. So the difference in motion is multiplied by the given time and 
divided by 60. Since the motions are measured along the ecliptic, the interval in minutes along the 
ecliptic is got, corresponding to the time interval. The distance between the centres is got thus: 

In fig.2, S is the centre of the Shadow and M is that of the Moon. SM' is the 'corresponding 
minutes' got for the interval in time. MM' is the Moon's latitude at the given moment. Since MM' 
is directed towards the pole of the ecliptic, the triangle SM'M is right-angled at M'. Since the 
triangle, being small, can be treated asaplane triangl e, we have, by the Pythagora s Theorem, the 
distancebetween thecentres, SM = VSlvl 75 "+ MM' 2 = Vcorres. minutes* + latitude 2 , as given. The 
amount eclipsed in minutes = Rr = SR - Sr = SR - (SM - Mr) = SR + Mr - SM = sum of semi- 
diameters of the Shadow and the Moon, minus the distance between their centres. 
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Yisibility of the Sun 



20. At any latitude, the equatorial Sun is bent so many degrees south at mid- 
day, as the north pole is raised up from the north point of the horizon. 

21. Going north from Ujjain, 373 1/3 yojanas, the stellar sphere, (marked by 
the 27 asterisms of the ecliptic rising in an order) becomes discontinuous, (i.e. 
the order in the rising is disrupted). 



Note. At 66° North latitude, which is 42°, (i.e. 66° — 24°), north of Ujjain, peculiarities occur in 
the rising of the signs of the ecliptic, duration of day-time etc. 42° = 373 \/3yojanas. 



22. At that latitude, the Sun can be visible even throughout a day. North and 
north of this place, the Sun may not set more and more than one day, until at 
the north-pole it will not set for six months at a stretch. 

23. At a distance greater than 403 5/9 yojanas north of Ujjain, the signs 
Dhanus and Makara can never be visible. 



Note. The Dhanus and Makara segments of the ecliptic have a south declination greater than 20° 
36'. In the north latitudes 90° - 20° 36' (= 69° 24') and beyond, the zenith distance of these signs 
becomes greater than 90°, and so they are not visible in those latitudes. 69° 24' is 45° 24' north of 
Ujjain, i.e. 45° 24' X 8 8/9 = 403 8/9 yojanas north. 




20-29. Quoted by Utpala on BS 

2,p.58-59. 
20a. B.(^M^x+)J!l 

b. A.^SITSirai^:; B.f|fe?r^RT^: 

B2.WT«zn^ 
c. B.RHtWIm *Wtfi 

Al. fagelfa<fe ; B.T^Tlr (B2.%*fr) 
d. A. ^«Jld-MW 



22a. A.Tgt^TSt; B.^l^ (B3.^) 



C.D.**ft^t: 
b. B1.3.^Mt; B2/R§Mt 
c. A.Bl.**fR° 



23a. B.%M° A.^T^raT:; U.^TT^ 



b. A.C.^lfa«W; B.^TtW; D.^Tf«R5T^ 



A.B.D.^3: (Al.^:; 



21a. Al.Tlr?TfcT; A2.T?P?rfiT; B.fftfo. A2."*rafcr*p 
b. A.C.D.T#c3F ; B.iRt^ 

A2.%*R. A.T^Tnt^ 
c. A.B.C.D.f3R*# 
d. A.Bl^.C.D.^l^S^. B.WHlWl: 



C.m B3^ J W^I: 
c. B.WT A.«rjfot; B2.«rjfo*r 
d. Bl.^T^RT: 
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TT^TS^T ^BTST 4^ld q || || 



24. At latitudes north of Ujjain greater than 482 yojanas and a fraction 
Vrscika, Dhanus, Makara and Kumbha signs will never be visible. 

Note. These four signs have a declination greater than 1 1° 44' south. Therefore latitudes 90° - 
1 1° 44' = 78° 16' North and more cannot see these signs, since their zenith distance is greater than 
90°. 78° 16' is 54° 16' north or Ujjain = 54° 16' X 8 8/9 = 482 10/27 yojanas. 

25. 586 2/3yojanas north of Ujjain, i.e. at the North pole, the second half of 
the ecliptic, i.e. the signs Tula to Mina, cannot be seen. 

Note. Being situated south of the celestial equator, the zenith distance of these signs from the 
North pole is greater than 90°, and therefore they are not visible at the North pole. The distance 
of the North pole from Ujjain is 90° - 24° = 66° = 586 2/3yojanas. 

26. People on the equator see the North polar star on the horizon. At the 
North pole, people observe it at the zenith. In between, people observe it at 
attitudes 0° to 90°. 

Note. As the north latitude increases, so the latitude of the Pole star increases equally. This fact 
is mentioned elsewhere also. 

*Tfi^rT: WTTHTH^Tte^ i^B^HIH I 

^rt% m& m& ^r: qr Wtth II ^ II 

^TStat fet HIT 5*T?T$J ^3pTg5TFT | 

Rv i ^MHc(ivi^vm i j > ijg^^ || || 

24a. A.WRTB.««Rffi?r • c. Al."»Tcam; B1.3."nMc?T; B2.WST 

b. A. ¥ldT*ll«; Bl.S.^klWlH; B3.°Vldi«l'li; B.^53^ 

D. °¥MT<fl i m d. A.%ira^1IM; B.^!I^(B2.^) 1 

c. A.^H<4lflld<>; B.^Tg(B2.g) ^IRTO 

<*qt*fa°; 26a. A.B.^^TI 

C.D. HW^hCd ; U.^^^^lr^ b. B.wĕ A.Wm$&; B.WQ\$ (B2.*) *T» 

d. B1.3.^1TU.om3Tfif A.B.telT 

25a. A.^tM; B1.3.^?Mand d. Bl.cT^; B3.cT<Fr-<?t A.B1.2.\™:; 

B2.^>S^inplaceora?raf B3>T*TtlT 
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27. For the people on Meru, i.e. at the North Pole, the Sun is visible at a 
stretch, when it is in the six signs Mesa to Kanya. When it is in the next six 
signs, it is visible to the demons at the South pole, at a stretch. 

Note. Moving in the first six signs, the Sun's zenith distance is less than 90° at the North pole and 
it is visible to the Devas there. Being greater than 90° at the South pole it is invisible to the Asuras 
at the South pole. It is vice versa in the next six signs. Thus the Devas and the Asuras have their day 
and night alternately, each for six months at a stretch. 

28. For them, the first point of Mesa is the Lagna or Orient ecliptic point, 
permanently, Mars is the Lord of the Drekkdna, Navdrhsa, Dvadasdrhsa and 
Trinhsdthsa lagnas permanently. 

Note. The first point of Mesa moves round and round there on the horizon, and no other point 
rises or sets. The lordships are as prescribed in the Hordsdstra. There the Lord of Mesa is not only 
the master the Rasi-lagna, but also oiDrehkana, Navdmsa etc. lagnas. 

29. Lanka is beneath the celestial equator, i.e. the celestial equator itself is the 
prime vertical at Lanka. There the stellar sphere is equally divided (into the 
northern half with the N.P. at its centre, and the southern half with the S.P. 
at its centre). There the day and night are always 30 nddls each. 

Note. This is because all diurnal circles of the Sun are divided into two equal halves by the 
equatorial horizon. Note also that what is said of Lanka applies to all places on the equator. 



[^BRRR:] 



27a. B1.3.«Th^d:; B2.-?T<l#tf: 

b. B.^WJ? 

c-d. B. Mffi^*dl (B2.^^t) 

28a. A.?Rt; B.ĕPTt^TS 

b. B.^T:^ 

d. B.<T*fa 



29a. B.ftf^(B2.^)TsPK^(B2.rcD' 
c. B.f^MI*j) A.B.t53*T 
d. A.B.C.D.U.RVW«'|^^I (A.W) 
(B1.2.7Rr; U.tTOT) 



XIII.33 XIII. SITUATION OF THE EARTH 257 

Astronomical observation 

30-32 Place a plank in a raised position, with its surface plane, as examined by 
dropping water on it. Set it so as to have its surface horizontal and level with 
the eye, and its parallel sides north-south and east-west. At the southern edge, 
in the middle, hinge a sighting tube (sanku) equal in length to the north-south 
length of the plank. With the eye at the hole of the rigid sighting instrument, 
at the hinge, lower the instrument so much, that the North-pole-star is 
sighted through the hole of the instrument. When lowered completely, (the 
observation) will be towards Lanka: when vertical it will be towards Meru; and 
lowered appropriately, it will be equal to the (local) latitude (as read) from the 
plank. 

Note. From the next verse we can understand that V.M. implies here that the north-south length 
ofthe plankis 120units, so thatthe lengthofthe sighting instrument also is 120units = R. Sotaken, 
the perpendicular dropped on to the plank from the end of the instrument will be equal to R sine 
raised angle, and the base from the foot of the perpendicular to the hinge will be R cos. raised angle. 

33. When so sighting the pole-star, the perpendicular, dropped on to the 
plank from the end of the sight is the R.sine of the latitude of the place. The 
base so formed is the R cosine of the latitude of the place. The R cosine line, 
i.e. the base, coincides with the north south-direction line. 

Note. VM uses a table of R sines, taking R = 120 units. Hence the rule. 



Fig. XIII. 1 




RSin0 



Hinge 

30-34. Quoted by Utpala on BS 2.p.59. 

30a. B.^PT^TkTTsT/T; " 
b. B.*Fc#. C.D .U.^jSir 
c. A.^teJt; B.^siT. A/?1ff; Bl^/STCTj 
d. Al."HfcPT; A2.^FT; B.^ITlW 

31a. B.^?Tf (B3.om$) A.^T; B.^ 
b. B.^; A.C.D.TO^. A2.7Tff 
c. B.?F^ 
d. A.B.C.D.^TTO^? 



32a. A2.%^t 

b. B.^^nA.B.^(B.^)^T(B.^)l 

c. A.^^TrTO^T; B.^RWĕTT; C.D.^RTO^ 

d. A. ate l l&£mfr ; B.^m^TW: (B2."*Wt0; 

U.^dcb-^l^^ | 

33a. A.^t^t^; B.cT^T^ 
b. AB.^^TT; 

B.¥l$fa<=k*m (B3.cf) 
c. Al.°c*£raT; B.d^^ 
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^chHM^MH ĕtT ^PMcI dclU I HW T^T || ^ || 

34. Learned men, observing things for themselves thus, determine the 
North pole, the dimensions of the whole earth, etc. as one would determine 
the salty taste of the whole quantity of the solution by tasting a small quantity 
of it. 

Note. What is meant here is that observation made at a small place on the earth can give us know- 
ledge of the whole earth, by suitable reasoning. 

f^qrr«r:w^ ( *ttT*t) vft^> ^ \ 

q i wRl <«tu i k*Clftdl ^eT^rf^TRT: || ^ || 
MfofecWMc|Mt4f<» ^THfcTjt»lT »i>^MRc| (fe) | 
^dPd ¥lf¥H>KI (#) ^SWtWTcT || ^V9 



Moon's luminosity 

35. The Sun lights up one half of the Moon situated below it always, (at any 
position round the earth), and the other half is dark by its own shadow, (i.e. 
the Moon obstructing the sun-light by its own body) just like a pot placed m 
sun-light. 

Note. This is because the Moon gets its light from the Sun, and is not self-luminous. 

36. The Sun's rays, reflected in the watery Moon dispels the darkness on the 
earth, just as the rays of the sun falling on a mirror in the interior of a house, 
does. 

Note. It is the belief of the ancients that the Sun is fiery , the Moon watery and the earth mainly 
earthy. 

37. According to the position of the Moon underneath the Sun, every day, 
the lighted up part increases (from the time of new moon, as seen from the 
earth), as the lighted portion increases on the pot, on the western side, in the 
afternoon. 

Note. Instead of the expression, after-noon a better one would be, 'as the day-time elapses, 
beginning from sunrise.' 

34c. B1.3/tf^ ^ ^ 

d. A.B.D.T#t— ' ^ I wMH; (B.I*;D.lfe) 
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<|f¥M4H£iWdl TOt *KT: vfl<t*<UWT: || ^6 \\ 

38. Anywhere on the Moon, its denizens, (the Pitrs, in this case) see the Sun for 
half the time during each fortnight, (on the whole, not seeing the Sun for a fortnight's 
time, and seeing it for a fortnight's time), because the visible part of the sky extends 
only upto 90° from the zenith. 

^H4|d^^viic)| l^R^^ ieim^^ l l : \\^ 11 

^ri feraTft 1 1 *° II 

t^f?T ?mt ?M ^MMU3c1M«T:TO: | 
^sfe|^vjlch fcW<id <T2IT^T M^cb^d: H** || 

The Planets and their situation 

39. Beyond the moon are orbiting higher and higher, Mercury, Venus, the 
Sun, Mars, Jupiter and Saturn, and beyond that there are fixed stars. All the 
planets (from Mercury to Saturn) move in their own individual orbits at a con- 
stant speed. 

Note. All this is Hindu theory. 

40. Just as the spokes of the oil-press wheel are thick, (close to one another), 
near the navel, and the space between one another increases as the rim is 
approached, so the linear extension of the rasi increases as the orbits are 
situated higher and higher. 

35a. Quoted by Prthudaka on BrSS 
2 1 .8 end, 36 quoted by Surydeva on 
Abh. Gola. 5, and Makkibhatta on 
Sid. Sekhara 1.1. 

35a. A2. facT*T*T A. ^:; D. °^5t: 
A.B.*TgfcT*TRt: 
c. A. 4=lt*WI'M<fad 
36a. B.^I^T. A.%^?lf^r. A.^t (A2.^t); 
B. - WIT 
c. A.B.WltnT 



d. B.I^^SR^RWN: 

37a. A.C.D.**^ 

b. B. ft<!t) u l 7IT3FT A. TtMsT: 

d. B.W^I 

38a. B.3Tsto%n^ 

b. B.oJTl^rr 

c. A. o ^n^T; D.°^rr^T 

d. A.TWt^:; B.C.^>T>^T(C. cT:); 
D.^T*[PT [91] ĕj. B. Md°h< 
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41. Situated near-most, the Moon goes round in the shortest time, its orbit 
being the shortest. But Saturn situated farther-most, in its longest orbit, 
cannot move so fast, i.e. moves slowest. 

[TTTH-^-^W:] 

imTTSfaqT*ret(sf) ^R^^WT^^TT: | 
3 SJshflu | WTT ĕEfqT: 0*80 || 

r 

Lords of the Months, Days and Year 

42. The successive Lords of the Month are the successive farther planets, 
beginning from the Moon. The Lords of the Horas are the successive nearer 
and nearer planets, beginning from Saturn. The successive fifth in the 
ascending order of its distance is the successive Lord of the Day. The sixth in 
its ascending distance order is successively the Lord of the year. 

Note. The month meant here is the sauana month of 30 days, and the year, the sdvana year of 360 
days. We get the lords of the hords; Saturn, Jupiter, Mars, Sun, Venus, Mercury, Moon, Saturn etc. 
the lords of the day, Sunday, Monday, etc, the lords of the months, Moon, Mercury, Venus, Sun, 
Mars, Jupiter, Saturn, Moon etc, and the lords of the year, Moon, Jupiter, Sun, Mercury, Saturn, 
Mars, Venus, Moon etc. 

[^T M^R4c^ l Pdeh l ^ l H<=« l ^fe<^<faHNi 

Thus ends Chapter Thirteen entitled 'Situation of the Earth: 
Cosmogony' in the Pancasiddhantika composed by Varahamihira 

39-41. QuotedbyUtpaiaonBS,2, 41a. B.ilMyH^ (B2.3.#3^T) 

pp. 42-43 b. 

39a. A.^I^«lf^(A2.1sf); ^ A ' f^^ ^ 

Bl.2. ^ia^Rsld ; B3. ^* l <&tl*fld d. B.fa>TO?l 

B.Wimm.wm) A.B^rn^C.D.om^T; 



c. 

A.^PPT; B.-FF5PT 
d. A.HST:^. B1.3.H^d'lF: 

40a. B1.3.^W 42a. A.B.^TTt^TT^^T? (B.^f:) 

b. B.TW. B.^l^TT b. ^ 

c. B.TTRTW c. A.^; C.D.3^t. A.T^TT^; B.TBNT^ 

c-d. U.^Tt^^STcnPT d. A.B.WTWT: A.B.C.D.^T: 
d. B.^lR^dlPl. A.<*$ B.°^j; 

l.col. AJd)«W«W^kW: B.C.D.^T (B.om ^T) ^ (Bl.2.3) #*TOFTR ^ 3*TTĕ^5«IFT: 



Chapter Fourteen 



GRAPHICAL METHODS AND ASTRONOMICAL 

INSTRUMENTS* 

Introductory 

In chapter I, vss. 5-7, Varahamihira enumerated yantra and chedyaka among the topics to be dealt 
with in the present work. The present chapter deals with these two topics. 

The compound word chedyahayantrani is equivalent to the compound word yantracchedydm of I. 
7. The word chedyaka means graphics or graphical methods and the word^ra, m the present con- 
text, means astronomical instruments. 

Dvivedi interpreted the word chedyakayantrdni as follows: "That which cuts or removes doubts is 
chedyaka ■ the instruments which serve as chedyaka are chedyakayantram. " If it were so, there would be no 
difference between^mira and chedyakayantra. Chedyaka and Yantra, in fact, are two distinct topics of 
Indian astronomical works called Gola or Spherics. Lalla, Vatesvara and Bhaskara II, for example, 
have earmarked two separate chapters for their treatment in their works on sphencs. Pmgree, on 
the other hand, translates chedyakayantrdni as "the Magical Diagrams of the (Graphical) Construc- 
tions." But the diagrams or astronomical instruments discussed in the present chapter bear no 
magical significance. 

WT^T5F^^f^W^l^H|| ^ || 
3 raM^chi ffl^ cjTMMM l fcUs l H|^ l < || 3 || 

3IOT^<fcH|^ ^JT: mR^M^MuTT: ||^ || 

GRAPHICAL METHODS 

Ascensional differences of the zodiacal signs. 

In III, 1 0- 1 2, Varahamihira stated an approximate practical method for finding the ascensional 
differences of the signs for places living between the Indian Ocean and the Himalayas and prom- 

* This chapter was left untranslated by T.S. Kuppanna Sastri. The translation given here was supplied by K.S. Shukla. 
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ised to give a method for other places in a subsequent chapter devoted to chedyaka. The following 
rule is in fulfilment of that promise. 

1 Construct on the ground a level circle with diameter equal to 1 80 digits^ 
On its circumference put down, at equal distances, marks showing signs and 
deerees (etc). Also put down marks showing the declinations (of the end- 
points of the signs Aries, Taurus and Gemini). (Through the centre of thc 
circle draw the north-south line and at right angles to it draw three chords 
through the marks showing the declinations for the ehds-points of the signs 
Aries, Taurus and Gemini). 

2 From the centre, draw three circles with diameters equal to the three 
chords which have been drawn through the declination marks at right angles 
to the north-south line, and graduate them with marks (of signs and degrees) 
like the first circle. 

3 Then (from the same centre) draw a line towards the latitude (i.e. towards 
that point of the first circle which marks the latitude of the place) and extend 
it upto the mark (indicating the latitude of the place) on the circumference of 
the first circle. (This is the latitude-line). On the chord corresponding to the 
desired declination {i.e, declination of the end-point of the desired sign) mea- 
sure the portion lying between the latitude-line and the north lme (i.e. the line 
drawn from the centre to the north point). 

4 Lay off the double of that (like a chord) on the corresponding circle. Ten 
multiplied by one-half of the degrees in the arc subtended by that chord are 
to be known as the vinddis of ascensional difference in the case of the First sign. 
In the case of the other two signs, they are the vinddis of the mixed ascen- 
sional difference (i.e., the mixed ascensional difference of Aries and Taurus 
and the mixed ascensional difference of Aries, Taurus and Gemim). 

Consider Fig 1 ENWS is the level circle of diameter 180 digits drawn on the ground, E, W N 
and S being the east, west, north and south cardinal points, respectively. EW » the east-west hne 
and NS thenorth-south line. The arcs Ed, , Ed 2 and Ed, are equal to the dechnations J v £ and </*, 
of the end-points, of the signs Aries, Taurus and Gemini respectwely. Wd' = Ed r Wd - Ed 
and Wd" = Ed d,d' , d 2 d" and d 3 d"' are the three chords correspondmg to the declmations f x , j- 2 
and <T a , respectively. These are at right angles to the north-south hne. 

lc. A.^^iC.^t^i c - B.3T$I?K 

d. A.mtm; B.TTTW!: d. A.B."^W (B2.?fe) 

2b. B.^^or^rB^.S.^TRlT 4a B.tl^ B1.3.W^; B2.^STr4 B.^ft 

c. AB. ^lftra; (B.gapfor^t) b A.B. omt^f B. H°HM)VM)WgH" T ( B 1 . <T) ^ĕTT: 

d. A2.^;B.^R ' c A.t^TT^; B.t^RTSl 

3b. A.om^l A.^T^WTq#TTr; d. 62.%^^ B3.ft?Tr 

B . f*tf&ĕTWrfrTT^ ( B 1 .2 . ) 
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Fig. XIV. 1 

The arc NL is equal to the latitude of the place, L being the point marking the latitude of the 
place. OL is the latitude-line drawn from to meet the point L. ON is the north line. 

enws is the circle drawn with centre and diameter dj d'. (The other two circles drawn with 
diameters d 2 d" and d 3 d'" are not shown in the iigure). dl is the portion of the chord d, d' lying bet- 
ween OL and ON. In the triangle Odl, 

Od = RsincT, 

dl = Od. tan0 

= Rsin j;.tan 0, (!) 
R denoting the radius of the circle EN WS. 
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The chord DMD' of the circle enws, with its middle point at M, is equal to 2dl. Let 2c, be the angle 
subtended by DD' at (or, wdhat is the same thing, the arc DWD' subtended by DD'). Then 

V2 DD' = DM = OD sin c, = Rcos^/,. sin c,. 

V2 DD' = dl = Rsin,J" r tan 0, from. (1)- 

.-.Rcos <f, sin c, = Rsin £ v tan 0. 

.-.sinc^tan ^.tan^ (2). 

This c, is the ascensional difference of the end point of the sign Aries, or the ascensional differ- 
ence for the sign Aries. See supra, IV. 26. See also IV. 34. 

Since c. is equal to the number of degrees lying in half the arc DwD' , therefore the degrees in half 
the arc DwD' give the ascensional difference of the sign Aries. These degrees multiphed by 10 give 
the corresponding vinadts. - 

Similarly, in the case of Taurus and Gemini. But in these cases if c 2 and c 3 be the ascensional 
differences for the end-points of Taurus and Gemini respectively, then 
ascensional difference for Taurus = c 2 - c, 
and ascensional difference for Gemini = c 3 - c r 



[^T^rT: MI tJKIM: ^TTSt 

TTT UlP<H^Arl l ^TT^ ||^ || 

rTT^TgST: (WJWT:) ^I^NIWSJT (3TP<TT:) || ^ || 

Rsine of the Sun's zenith distance for the given time, (and vice versa). 

5. The nddis (elapsed since sunrise in the forenoon or to elapse before sunset 
in the afternoon) multiplied by 6 are degrees; the (versed) Rsine of that sub- 
tracted from the radius (R) and then increased by the Rsine of the Sun's zenith 
distance for midday gives the Rsine of the Sun's zenith distance (for that 
time). In order to find the nadis (from the given Rsine of the Sun's zenith dis- 
tance) the (given) Rsine of the Sun's zenith distance should be diminished by 
the Rsine of the Sun's zenith distance for midday. 

6. Whatever is the sixth part of the degrees of the arc corresponding to the 
(versed) Rsine equal to the difference between the given Rsine of the Sun's 
zenith distance (as diminished by the Rsine of the Sun's zenith distance for 
midday) and the radius (chdydharijdbhyantara), gives the nddis elapsed since 
sunrise in the forenoon or to elapse before sunset in the afternoon. 

Let n be the nadis elapsed since sunrise in the forenoon or to elapse before sunset in the after- 
noon, and z a the Sun's zenith distance at midday. Then, according to the rule stated in verse 5 
above, the Rsine of the Sun's zenith distance for that time (which we shall denote by Rsin z) is given by 

Rsin2 = R — Rvers (6n) + Rsin z o , (3) 
where R stands for the radius. 
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This relation is approximately correct for a place on the equator, and is accurate at an equinox. 
For any other place it is incorrect, for Rsin z really depends upon 0, the latitude of the place, and 
the Sun's declination on the day in question, besides the time of the day elapsed since sunrise in 
the forenoon or to elapse before sunset in the afternoon. Any such formula must therefore involve 
these elements. 

Formula (3) stated above does not occur in any other work on Indian astronomy. But analogous 
formulae do occur. Of these mention may be made of the following. 

(i) Vasistha's formula. 

Let s denote the gnomonic shadow at midday and s the gnomonic shadow at any other time. 
Then, in the forenoon: 
64800 



- 12 + .? 



(lagna — Sun) in mins. 
and in the afternoon 

_ 64800 

S ~ 10800 - (lagna - Sun) in mins. 

(ii) Paulisa 'sjormula 



12 + s n (seeabove 11.12-13) 



, = 6 x day-length _ 12 + . (gnomon = 12. See IV. 49. 

day elapsed 

This formula was later restated by Mahavira in the form: 

s = gnomon _ 12 + (gnomon =12. See Ganita-sara-sahgraha, IX. 18). 

2 day elapsed / day-length 

(iii) $ridhara's Jormula 

1/2 gnomon , day elapsed or to elapse 

s = — . = gnomon, where d = — 

d day-length 

See Trisatika (ed. Sudhakara Dvivedi), Rule 65. 

This may be derived from Paulisa formula by assumingi^ = 0. 
SrTdhara's formula was restated by Narayana Pandita in the form: 

s = { 1/2 day-length _ J} x Qn 

1 day elapsed or to elpase 

See Ganita-kaumudl, Rule 13, p. 207. 

5a. a.^^iph; B.^(B2.^)^«rwrrnr 6a. B2.^TT d. A.B.TO1#CT° A.^raiC. ^! 

(B2.°WTT) ab. B.o^H^Mldl A.3mJT; B.W7; C. 

b. A.rF*Tr b. A.W; B1.2.W; B3.^S 
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Formula (3) may also be stated in the fomr 
Rvers (6n) = R - (Rsin z - Rsin z ), so that 

<MlMi¥ll ^JtWI: TT^rfeTfejT: ^T: |j 13 |j 
Right ascensions of the signs (defined by means of the armillar X sphere) 

7. The degrees in the arcs of the equator which lies orthogonally (tiryak) bet 
ween the north-south declination arcs for the ends of the signs, iS d b 
10, are the ^aciis of the right ascenstons of the signs (Arie TaurCand 
Gemim) m their respective order. d 



Fig. XIV.2 




poS S^ST ' ^ ' eCli ? tiC " AP ' BQ CR are the dedinations for the end- 

pomts ot the signs Anes, Taurus and Gemmi, respectively. Then 

is the right ascension of Aries, 
PQ is the right ascension of Taurus, 
and QR is the right ascension of Gemini. 

b. A. ^mm b. o^mm a.b.^rt: d . A.tafeflaj» A-Jrtw> B<WW1T 
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The degrees of the equator multiplied by 10 are obviously vinddis. 

The vinadls of the right ascensions of the signs could also have been defined with the help of Fig. 
1 Let the arc WP (in Fig. 1) be equal to 30° (i.e. , the tropical longitude of the end-pomt of the final 
sijrn Aries), OQ, the perpendicular dropped from P on OW intersecting the circle drawn with 
radious Rcos tf „ at R, and ORT, the line drawn from O through R. Then the number of degrees 
in the arc WT, multiplied by 10, are the vinadis of the right ascension of the first sign Aries. The 
vinddT-s of the right ascensions of the second and third signs may also be defined similarly. 



[<fa*|prl:] 

TIT&uR4)W^HI ^TgST^ ^TT W ^TT || ^ || 
(^35II^m^^1^R^ *TT 9FTf^^^T) || ^ || 

ASTRONOMICAL INSTRUMENTS 

Gnomon 

The Sun's declination dejined by means of the moving gnomon and the armillary sphere. 

8. Whatever be the position of the (moving) gnomon in the path described 
by it (lit. in the shadow), whether at midday, or when towards the east or 
elsewhere, the angular distance between the equator (visuvat) and the thread 
that proceeds from the centre and passes through the vertex of the gnomon 
is called the (Sun's) declination. 

[TOJIJteftWM: 3T$TC?T:] 

E|.qwV<fr ^TT 0iq i HK*33>Wd : (WT:) | 
^^a^R TT^^T^OTTT^^^^^t^: \\% || 



8a. A. WHI Mld«TT; B.^R^TPTTSTTcNT; 

b. A.B.^WHIM^ (B.?3) ^t; C.3FTOTrt 
*=kil 'ld 

A.B.^^TTB."^; D."?T^t 



c. A.^Ti; B.<MkWjsil: C. [^THM^] 
d. A.B.T^ITtWT^; C.r^N^i^l+l^dl: 

A. ^ l Rdl :; B.^:feTT: ( B2.°+lkR-U0 

D . t^TrTt ^tT^TJ^ 
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Local latitude (from the eauinoctial midday shadow and vice versa) 

9-10 (a-b). Lay off the (equinoctial midday) shadow towards the north, and 
let a gnomon be caused to fall to the west (or east) from the tip of the shadow. 
Then stretch a thread from the centre along the hypotenuse (of the gnomon 
triangle) up to the circumference (of the circle drawn on the ground). The 
(angular) distance between the point thus reached and the equinoctial point 
(i.e. the west or east point, whichever is nearer) is the latitude of the place. 
Stmilarly, from the latitude one may find the (equinoctial midday) shadow. 

w 

®In Fig. 3, let ENWS be the circle drawn on level ground, E, N, W, 
and S being the east, north, west and south cardinal points. OA is 
the equinoctial midday shadow of the gnomon, AB the gnomon 
- which is caused to fall to the west from the tip of A of the equinoctial 
midday shadow. OBP is the thread stretched along the 
hypotenuse OB up the point P on the circumference of the circle. 
Then, the angle PON or the arc PN is equal to the altitude of the 
equinoctial midday Sun, i.e., the colatitude of the place, andthe 
complementary angle POW or arc PW is equal to the zenith dis- 
tance of the equinoctial midday Sun, i.e. , the latitude of the place. 

E 

Fig.XIV.3 

riTz)mivi^H I Hl j^chT^H^H || H || 

Sun's longitude 

10 (c-d)-l 1 . On the desired day find the Sun's declination, no matter whether 
it is greater or less than the latitude. Find the Rsine of that and insert it bet- 
ween the ecliptic and the equator (at right angles to the latter, in its own 
quadrant). The arc of the ecliptic measured eastwards from the first point of 
Aries up to the point where the Rsine touches the ecliptic, should be known 
as (the longitude of) the Sun. 

9a. A. EH^ ; B. ElgMWA (B2.1M) 

B.^> for^ B.Wm and hapl. om of one 

b. A.W:; B.W: 
d. A.^T*TTB2.<TfH- Bl.S.nJNr 
lOa. A.cl^R; B.cTttgcR 
b. A.3*T%. B.^TCT 



lOc. A.^m; B.^SSRTOT»; D.=pPFT 

d. Al.°-H^Kf^ 
1 la. Al.cf3*Tl; A2.7^\ 
a-b. B.Haplom.TJ-Mt^ 

c. B1.2.WTRT 

d. B.°HH B.^TT^RT 
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[^»<i(dfar:] 



^Hgld W*" ^TT^mtrT^T || W \\ 

V-Shaped Ya§fi 

True tithi 

12 One-twelfth of the degrees intervening between the Sun and Moon 
observed by means of a (V-shaped) Yasti of length equal to the semi-diameter 
of the level circle (with one arm pointed towards the Sun and the other 
towards the Moon) is to be known as the true tithi which being destroyed is to 
be known. From that (true tithi) one may derive another. 
Similar rules are found to occur in Lalla s Gola (VIII 42-43) and Sripati's Siddhanta-sekhara (XIX 
26). 



Moons longitude 

13. When the Suns longitude, obtained graphically, (vide above. w, 10 c-d-1 
is added to those degrees (intervening between the Moon and the Sun), t 
result is the Moon's longitude for that time. This is how the Moon s longitu 
is obtained graphically. 



13a. A.°%3; B1.2.read:^^5#g(B2.^1%3) 

12a. A.&p5; B.to; C.^T^ B3.^fl%3 
b B.<+4l^VI4(le|d*lfi(l: | b. B.*1I*M&£h 

c A.ftfa#Tf c. A.Bl.^tW^ 

d A2^rRT d. A.°^tsa;B.^— ^(B2.3.«r)^ 
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^ »l^ch><f^i^ l ^l || ^ || 

d^^IW^iiR^m TTTSJr^Tt || ^ || 

Cardinal directions (by means of three shadows of a gnomon ) 

14-16. Mark three times (at intervals) the tip of the shadow of a gnomon set 
up at the centre of the circle (drawn on level ground). With the help of those 
(three points) construct two fishes. Taking the point of intersection of the two 
strings passing through the head and tail of those fishes as centre and a thread 
so long as to touch the three points as radius, construct a circle (passing 
through the three points). The tip of the shadow of the gnomon that day 
moves on that circle without swerving from it. 

16. The centre of that circle lies to the north or south of the gnomon. Bet- 
ween that and the gnomon is the midday shadow lying to the north (or south) 
of the gnomon. 

The midday shadow falls towards the north or south according as the Sun's northern declination 
cTis less or greater than the latitude of the place. When the Sun's declination is south, the shadow 
always falls towards the north. 



KmImEi \ &hi& ^^q" ^|U^<d : || || 
(^t)^TtTT^r(TTaTT^) ^5qT#3^qF3IW || %6 

The Celestial Sphere 

1 7. (The circle) where the sky appears to meet the earth at their skirts is called 
the horizon (harija). The (vertical) circle which runs from east to west is called 



i4a. A.B.^nwrsr (B2.^r) ~m 

b. B1.°-3T^ (B2.^-f5Tg<TT) 
c. B.JT?m-fTOcT^fI?T 
d. A.B.C.D.^r 

15a. A.'^»T; B.M^k 
c. Bl.f?FTfor^T 



D.^^TT; B.^fe^FTT 

16a. A.TTW; B.*T«TTg; D.iTSTT«r?Sff; 

b. A.s5f>: B3.*$^. B.^TOTtrT^ 

c. A.?Mf; B.d*M<CdcK 

d. B. o7 TTfelRT3J 
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the prime vertical (sarmtmndala). Similarly, the (vertical) circle which runs 
north to south is called the meridian (daksinottara) 

18. The (arcual) distance between the north pole and the horizon is called the 
latitude (of the place). The difference between 90° and the latitude is called 
the colatitude. The colatitude is the depression (of the north pole) from the 
zenith. The day-diameter is the diameter of the so called diurnal circle 
(astodayakhya). 



^c^^chMH *4fa^M #5KT «Rc^*^ 

^m^dEHKd ^fa<^> wim^Mi || w II 

^&^mmidtd i m [ ^iv»ch i] r^t^it | 
^ ^cr^ -nWro [^tot:] II 

Hemispherical Bowl and its use 

19. Construct a hemispherical bowl of the radius chosen for our construc- 
tions with a gnomon fitted at its centre. Graduate its circular rim with marks 
of cardinal directions and circular divisions (signs and degrees etc). Place it in 
a smooth (hemispherical) cavity in the ground with the gnomon inclined to 
the horizon at an angle equal to the latitude of the place (and pointing to the 
north pole). 

20. Read the degrees traversed since sunrise by the shadow (of the gnomon) 
which passes through the intersection of the two lines (viz., east-west and 
north-southj, and add them to the Sun's longitude. The sum thus obtained is 
the longitude of the rising point of the ecliptic. The degrees crossed over by 
the shadow divided by six are the nddls of the day (elapsed since sunrise). 

17a. A.B.Bt^tB. MH^clHl d. A.^T ||; B.*Tt— 1|; 

b. A1.5f^^ Bl.sfcPT%(B3.^) D.^rTOTl 

c.d. A.^PJ 1 ^; B.^%^fT^I; C.^mti 19a. B.°^D.°qv4Wi 

^D.<T^W&J , b. B.*(B3.^)f^[B2.3]^W^fa£° 

d. B1.3.°TK^;B2.°W;D.<>tK m c. B.l(B3.*)^(BS.*)fcfW(B3.*T) 

C. ^HNRPcl^W 

18a - d. A.B.f*^:(B1.2.^B3.^3) 

A-B.t5f£WT&7: 



A.B.WW^B.^) 
20a. B2.T3P7RT; D.^RMI 



A.t^ldWRIclcR; B.r&^wlclRKsK^ 

A.B.D.^(B.«« _ „ f& ,tf.„^„„ 



A.B.W2T; D.WWi 



c. B.<lf^lRHI^W 
d. A.B.C.D.^TS^TW: (B.^O 
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Tr^^iAn^si g^nffifrr nRfafacAm | 

W l cMfcl<fcU<l, WrTC^C W ) II ^ 

Hoop and it use 

21. Construct a circular hoop with diameter equal to one cubit (= 24 digits) 
and rim half a digit broad. Graduate its (inner) rim evenly with the marks of 
signs and degrees-(etc). At one place in the middle of its broad rim, pierce a 
fine hole at right angles to the rim. 

22. When it is noon, let a ray of the Sun pass through the fine hole in the rim 
(and fall on the diametrically opposite point of the rim). The degrees that lie 
between the thread hanging vertically through the centre and that (ray of 
light) indicate the Sun's meridian zenith distance. 

The word khaksa is a technical term used in Indian astronomy in the sense of "meridian zenith 
distance". Also seesupra, IV. 21, where the same term has been used in the same sense. 



Armillary Sphere 

23. Construct a perfectly round light (Armillary) Sphere by means of 
wooden strips (or metallic spokes). On the surface construct two circles, one 
representing the equator(kdla-rekha) and the other the ecliptic (bhoga-rekhd) 
being marks where the Sun stops (i.e. at the two solstices). 



2i a . A.°WPf*R°; B.WliW» 22a. B.*T«TT3CT (B2.fT) ^ 23a. A.^JPTR; B.W (B2.TO)TTR 

B.*EFfor^fc A.T^?; B.T^l b. B.^*T(B3.^T) 

b. B1.3. M^U<rW«W 5f b. B.lNHD. [TWH] B.C.D.W; A2.«!TJT4 

A.^ĕTB.W c-d. A. 4ylddid<M°; B. ^M^M<*I*I° c. A.^Pldli^+d; B.' 

c-d. B.t%5 — C. ^ddl-rRW ; D. «jjlkMKWM D.i 

d. A.B.fcT*FT d. A.cT^T^T:; B.cT^?^; C.D.cT^W 
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3jMMiV I »l^^ir^4^<M^ I V i 4><K 11 ^ II 

*rr tosrott ^i*umPwi n&t || v* \\ 

24. On either side of the junction of Pisces and Aries, in the north-south 
(hour) circles at points denoting the degrees of the (Sun's) declination, fasten, 
by means of observation, light points which may illumine the (Sun's) oblique 
diurnal circles. 

25. Mount the (Armillary) Sphere in such a way that it is elevated towards the 
north by an amount equal to the local latitude. Then the nadis that lie (on the 
Sun's diurnal circle) between the light point on the (Sun's) oblique diurnal 
circle and the horizon denote the nddis that have elapsed (since sunrise in the 
forenoon), each nddi being made up of six degrees. 

Sun's northward and southward journeys 

26. In the cycle of time, as long as the Sun is in the six signs beginning with 
Capricorn, it is Uttrayana (i.e. the period of the Sun's northwardjourney) and 
there is increase of day; in the contrary case (i.e., when the Sun is in the six 
signs beginning with Cancer), there is decrease of day. What remains to be 
said (here) is to be understood from what has already been stated. 

unknowingly three lines:^ pnSKI 
to*FT] mRtici, 27a. 
d. A.B.#F^TT: 
26a. A.C.D.-iI§5^fcT 

b. A.<*T*lTfaF°; B.*T^°;C.*T»Trf^; 
A.B.C^; D.^C 1 ^] 
B.^5^T3;:''3T | 
c. A.<T33TlTan; B.d.fillH*<l 
d. Al . ftt%«T o ; A2. "t^l-TT ; B. omiT*^ 



24a-b. B.^l^iawW^-^TWTOt 
b. A2.^B1.3.^nj?C.^ 
c. A.B.D.3T*fffeT°- 

B . °^JW> <Tj5TT (A2.^TT); 

d. B.RhMhN ; 

A2.°HRfc B.^RttR[ 

25a-b. A.aTOltSTRT ; B.ar^l 1 ^^ 
(B3. ^* l »Mr3<flk$ ) 
b. B.3JTWT: 
c. A.TRT35I:; B3. Scribe omits 
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[*HHU4sll(ui] 

*: tf^% ^MH^^a^MlPiH 4^1 || W 
q5frNHW ^I^I^M<4im 

^mi^id 4Ui ll^ " 



Instruments for measuring time 

27. The%'a5(ix.seedsorbasicnecessities)ofallinstruments(formeasuring 
time) are furnished by string, water and sand 1 . By means of them one may 
construct instruments resembling a tortoise, a man, or any other desired 
shape, and mount them on a wooden board. 

28 Theteachershouldimpart(thisknowledge)onlytoadevoted(lit.steadfast) 
pupil and the pupil too, after having learnt it, should apply the bijas (stnng, 
water and sand) to his instruments, keeping the secret unknown to his son 



even. 



Varahamihira has not described these instruments here only to keep their mystery a secret. But 
these instruments have been described in some of the later works. For example, see the chapter on 
astronomical instruments in the works of Lalla and Sripati. But there too thedescr.pt.on is not very 
explicit. 

^yykchl^iHrMcbl^^ II ^ II 

^itc^^ W r^ciid ^TPrrt -mn II 3° II 

Locallongitude in terms of time 

29 By means of bbservation at the desired place in a given latitude, perform 
the Moorispurnimantakarma (i.e. find out how much time after or before local 
sunset the Moon rises at the local place). The degrees of the ecliptic which nse 
during that time should be subtracted from or added to the Moon's longitude 
according as the Moon rises later or earlier than sunset. 

28a-b. A.^^M; B.^HJPTC^ ( B2.°^)— ^T 
27a. A.B.^PT A.^SJ#° 

b. A.#snft B.^ldlp c. Al. o1 W 

c. B1.3."f^;B2.^ d. A.#3 

d. A2.°^ I *nfa B.W^^ 1| 

1 When a heavier substance than sand was required, Mercury was used. 
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30. Dividing as in the case of tithi, find the local time in terms of ghatls for the 
end of full moontithi (as reckoned from local sunset). Increase ordiminish the 
ghatis obtained by the time corresponding to the Sun"s ascensional difference, 
according as the Sun is the six signs bĕginning with Aries or in the six signs 
beginning with Libra. The result is the local time for the end of the full moon 
tithiat the local equatorial place. (The difference of this and the local time for 
the end of the full moon tithi at Lanka) is the true longitude for the local place. 

The rule is obvious, because: (a) Local time for the end of the full moon tithi at the local place (as 
measured since sunset at the local plaee) ± time corresponding to the Sun's ascensional differ- 
ence = local time for the end of the full moon tithi at the local place (as measured since sunset at 
the local equatorial place), 

+ - sign are to be taken according as the Sun is in the six signs beginning with Aries or in the six 
signs beginning with Libra. 

(b) Also, local time for the end of the full moon tithi at the local equatorial place ~ local time for 
the end of the full moon tithi at Lanka = local longitude in terms of time. 

The local time for the end of the full moon tithi at the local place has to be obtained by the process 
of successive approximations, but the whole process has not been described in the text. 

[^lit (^t) TTH*{} 

^TTTOt (^pi«ft) ^TT «lW?ftfrT: ^: || ^ \\ 

*iH l cMccl l ^ cTT qfg#3K ^T TT^TT 
^ii^H^:?*^*^ 1 ^^^*^!!^ II 

8. The Nadi or Ghafi 

3 1 . One-sixtieth of the time taken by water to flow out through a desired hole 
during a nychthemerOn is defined as the duration of a n-ddi. Or, it is the time 
of 180 breaths of a man. 

A.C.D.%cT^; B.-fefT (B2 ; .1^c0 ^ 
B.tMs^TW^ D.i^T 
A.^+HlRniP^d ; B.^+W-nP«id 
A.B.^I^MPd $H r 
B.t^cTcTt 



29a-b. B.^TcT^*d^%kRlfa=Mf; d. 

c. B.^S ' b. 

c-d. A.B.Mlfd^'l^<MH^ ; (B.^^WI^); c. 

D. Mfd+l<i|i^ld^M^ 
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32. Construct a copper vessel resembling one-half of a spherical pot and 
pierce a hdle at its bottom. Put it in pure water in a basin. The time in which 
the vessel is filled up is the duration of a nddi. The hole at the bottom of the 
vessel should be so small that on account of its small size, the vessel may sink 
into water exactly sixty times during nychthemeron. Or, it is the time in which 
one may recite 60 times a verse composed of 60 long syllables (as vs. 32 is). 



Conjunction of the Moon with a Star 

33. Having ascertained the Moon's celestial latitude and observed the distance 
of the Moon from a star and having made the requisite calculations, one 
should predict the time of conjunction of (the Moon with) the star which is to 
take place in the future. 

[^HWWMlPl] 

< l ftuqg<HHl ^rumaT^i^ || || 



31a. B.gftftT. A.Eri^; B.fafa^cT 
b t A.B.<lto fiU!R*& u l 
c. B1.3.?BI^;B2.W!*;D.wraf 
d. A.B. .WWHrt>cw4 . B.ffi: 
32a. B<1.3.$"flfMj B2./fP#firc B.g^ 
B1.3.fift 
b. A.TH#; B."^-—^l 
B.&&" < wd 

b.^ThnsI 

c. D.'1<HI 

A.b.^Ib^ih-si (B.^0 ^rsn 

d. A.B.^^W: 
A.WTT^ 



33. QuotedbyUtpalaonJSS 24.5-6. 

a. U. 1 ?»^ 

B. After^«fT occurs the passage 
t?T%$ (of XV. 8) to*: H 3T (of XV. 23), 
being transferred here, apparently due 
to the misplacement of a folio in the 
common archetype of the B mss., 
Bl,2and3. 

B.TnftlMW 
b. B.^TRrcTClT^S 

c. A.Wt&l^TO:; B."TOI^— ^T^:; 
U.^3T«J^^T5ai: 
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^UMUI ^ UllJwiy) ^STtrTTT rTTTT | 

t%T5TT«rfgmTFt ^UTrT: ^STr> fM^#f^: | 
fe $McMH I <^;U<H l ft N»V I H*t»W II ^ II 

Positions of Certain Junction-Stars 

34. (The junction-star of) Krttika is at the end of the sixth degree (from the 
initial point of that naksatra) and 3 V 2 cubits to the north of the ecliptic. (The 
junction-star of) Rohini is at the end of the eighth degree (of that naksatra) 
and 5V2 (cubits) to the south. 

35. The southern and northern (junction-) stars of Punarvasu are at the end 
of the eighth degree (of the naksatra) and 8 (cubits) south and north (respectively). 
The (junction-)star of Pusya is at the end of the fourth degree (of that 
naksatra) and 3 V2 cubits to the north. 

36 The southern (junction-) star of Aslesa is at the end of the first degree (of 
that naksatra) and one cubit (to the south); so also is the northern (junction- 
star). The conjunction (of the Moon) (with the junction-star of) Magha occurs 
in its own field at the end of the sixth degree (of that naksatra). 

37 (The junction-star of) Citra is at the end of 7 V 2 degrees (of that naksatra) 
and 3 cubits to the south. The digits are counted from the centre of the Moon 
where the minutes of the latitude end. 

Digits between the Moon and a Star in Conjunction 
And Time of Conjunction 

38. Having subtracted 17 from the latitude (of the star with respect to the 
Moon) multiply by 15 and take a thirty-fourth of that; this is to be known as 
the number of digits (between the Moon and the star). 

B.ot^^ d. A.B.^A.^B.^t 

A.B.D.^*^ 37a. A.r^W^ 

A2.^for^ftB."^5^ b. B.lWk 

A.^A,#t c. A.^Ml^I; B.«wimi?U 

A.W*^*fcra^ d. A.Tr^t;B.^:WT 

A. iMW^; B.^^% 



34a. 


B.^Kcll; D.^cTI: 


35a. 




A.TOTCHrt; B.^SRTT^T; B2.^ 


b. 


b. 




c. 


c. 


A.^cTl% 


d. 


d. 


A.B.^Rcia A.W*; B.*^; 


36a. 




A.^3 


c. 
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The time (of conjunction) is to be known from the distance between the star 
and the Moon and the daily motion of the Moon. 

According to Varahamihira, the measure of the Moon's diameter is 34 in terms of minutes and 
15 in terms of digits. Hence the above rule. 

Polar longitudes and latitudes of the Junction-stars 



Junction-star of 


Polar longitude 


Polarlatirude 


Krttika 


32°40' 


3.5 cubits or 3° 10' 24'N 


Rohini 


48° 


5.5cubitsor4°59' 12"S 


Punarvasu (southern) 


88° 


8cubitsor7°15' 12"S 


Punarvasu (northern) 


88° " 


8cubitsor7°15°12"N 


Pusya 


97° 20' 


3.5cubitsor 3° 10' 24" N 


Aslesa (southern) 


107° 40' 


1 cubit or 54' 24" S 


Aslesa (northern) 


107° 40' 


lcubitor54'24"N 


Magha 


126° 





Citra 


180° 50' 


3cubitsor2°43' 12"S 



^NlBlHMeh^ri efflfaj[uid EHteUMI : || ^ II 

^imi'VHc|P l d l *iiafil»iNirlHehi HPwkW: lt*° II 
J | (u i dfaM4lMH^^U<h^ : STOgmt *nfr | 

Heliacal Rising of Canopus 

39. Multiply the square of 5(i.e. 25) by half the equinoctial midday shadow; 
(treating it as the Rsine of an arc) find the corresponding arc (in terms of 
degrees) and add 15 (degrees) to that. Multiply that by 10 and add 21 times 
the equinoctial midday shadow. These are vinddis. 



39-40 CniotedbyUtpalaonBS 12.21 
38a. B.°<Vliml^ 39a. A.faf*3TCT B.f5n?IT 

b. A.y^ll^dl b. A.B.M^Wc*dlWd°; D. M«$ldWc4>dl <RT: 

c. A.<*TM c> A. AMI-jtiW* ; B. dWlfl<H> Al.ffi 

A.B.^If%r(B. r^q); d. A.B.^jW 
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40-4 1 . Assuming these vinadis as the time elapsed since sunrise and taking 
the Sun at the first point of Cancer, calculate the longitude of the rising point 
of the ecliptic. When (the longitude of) the Sun happens to be equal to that, 
then, by virtue of the graphical methods and instruments available to the 
science of mathematical astronomy, the sage Agastya (i.e. the star Canopus) 
that looks like the special red tilaka-mark on the forehead of the lady-like 
southern direction shines forth and delights the minds of men. Such is the 
divine knowledge based on time. 




N 



Consider Fig. 4. It represents the celestial sphere for a place in latitude 0. SEN is the horizon and 
Z the zenith;VRET is the equator and P and Q are its north and south poles;1*GSD is the ecliptic. 

40a. Al.B.^Brannm (B3.^I51N) D.^ldl «*fHdl 41a-b. B. #3* (B2.^) 

b. Bl.^t; B2.cR#; B3.<!# B.^cM d. A.^Q; B.^ B.f^#^l b. B.W?HI WF[ | B.m 
c. A.B.^?FlRcTl(B.TTr)^rai; A.*i(H"l^: c. B.U^slMld 
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A is Canopus at the time of its heliacal rising and S the Sun at that time. PGAQ is the hour circle of 
Canopus, and G the point where it intersects the ecliptic. 

Assuming that the celestial longitude of Canopus is 90° and the celestial latitude 75° 20' S\ we 
have YG = 90°, AG = 75° 20' and AA' = 75° 20' — 24° = 51° 20'. Therefore 

Rsin A' E = Rsin (asc. diff. of Canopus A) - Rtan ,/* tan 0, vide formula (2), 
where <fis the declination AA' of Canopus and the latitude of the place, 



sin . sin R 

: — ' ■ ""— 1 ^s, 1 1 ■ 



cos cos cT 
_ sin51°20' palabha „ 120 

12 . cos51°20' 

because, according to Varahamihira, R = 120' 

_„ palabhd 
= 25 X , approx. 

2 

.-. A'E = arc (in terms of degrees) corresponding to Rsine equal to 

palabhd 
25 X £ , approx. 

2 

EG" = asc. diff. of G, approx. 

= 2 1 x palabhd, vinddis, approx. 

because for unit pdlabhd, the ascensional difference for G (the first point of Cancer) is 2 1 vinddis. 
Also, assuming 15 to be the time-degrees for the visibility of Canopus, 
G'S = G"S' approx. 

= 15 degrees, approx. 
.-. A'S' = A'E + EG" + G"S' degrees 

= [10 (A'E + 15) + 21 palabhd] vinddis, 
where A'E + 15 is in degrees and palabhd in digits. Degrees multiplied by 10 are vinddis. 

Now GS is the arc of the ecliptic which rises above the horizon (of Lanka) in the time given by the 
arc A'S' of the equator. Hence it is obvious that Canopus A will rise heliacally when the Sun is at 
S, i.e., when 

Sun's longitude = longitude of G + arc GS 

= longitude of G (i.e., 90°) + arc of the ecliptic which rises (at Lanka) 
in the time given by the arc A'S' of the equator. 



1 . Actually, the longitude of Canopus is 85°4' and the latitude of Canopus is 75°50'S. 
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Hence the rule. 

Obviously, the rule is very crude. It was discarded by the later astronomers who replaced it by better 
rules. 

Thus ends Chapter Fourteen entitled 'Graphical Methods and 
Astronomical Instruments' in the Pancasiddhantika composed by 

Varahamihira 



Chapter Fifteen 



SECRETS OF ASTRONOMY 

^^J|U|%|M|^^|HW<J|ST«If^cbVi|i||lH | 
^(UT) ^ ^TRt: 1 WHfavHN I <»R<yiHi || * 
34faRrHI^HHi ^t«T>5fcT t% ^WSSm^tUl 
#t »1<silMftd 5(?T) HfcH l ¥ l3t*T || ? || 



1 . I declare the following to those who possess pre-knowledge of the relative 
positions of tbe Sun, the Moon, the zodiac with the principal stars, and the 
earth. There is always an eclipse of the Sun visible somewhere in space, 
according to the position of the place. 

This is what is meant: If a solar eclipse is dehned as being caused by the Moon hiding the Sun, 
it is obvious that at any moment some place in space will have the Sun hidden behind the Moon. 

2. For those who do not know the relative positions of the above mentioned, 
even knowledge will become similar to the milk in the container with conch in 
it becoming capable of destroying the teeth. 

This is the meaning:- Milk and Conch are by themselves benelicial things, especially conch 
which can strengthen the teeth on account of its calcium content. But milk with conch soaked in it 
becomes positively harmful to the teeth on account of their incompatibility. So also, even know- 
ledgecan become harmful unless the knowledgeas to when, whereand how touse it isalso known. 

TS have amended the correct dhdnydm into dhdnyam, not realising that the word intended in the 
coniext is ddhdni, meaning the vessel for holding the milk, and also not understanding what is 
meant by the verse. For similar reasons, NP have emended the word as dhydndt, and gives a meaning 
opposite to what is intended by VM. 



Echpses 



la. A. WTT B.£H5ff 
c. A.WIT 

d. B.t%^m 

A. *fa<^4; B.+^W^ (B3.^f%) 



2a. B1.3.3^T3lf3[feT A.^TRHt; B.-HWHHI 
b. B.^lft B3.cTPTct 

B. HTF^; C.^STT «JRIJ; D."^T«TT HTRRT 
c. A.^TR; B1.3.^TPH; B2.^?nt^T 
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3. For these to whom the Sun is hidden by the Moon, according to the 
straight line from them through the Moon touching the Sun, for them there 
is a solar eclipse. And every moment (lit. every day) there is such a place 
somewhere. 

4. The pitrs (Manes) on the Moon see the Sun eclipsed for one whole 
fortnight, and not eclipsed during the other fortnight. The mid-eclipse is at 
full moon. 



Fig. XV. 1. (diagrammatic, not 
to scale) 

P: The PitrS On the 

moon 



M, 



M 2 

M, 



3 1 



Position of moon 
at middle of dark 
fortnight. 

New moon position 
Position at middle 
light fortnight 
Position at full 
moon 

On the side facing 
the sun, the Moon 
has sunlight. On 
the other side it is 
darkness. 




3a. A2.^T A.B.^N^lRHI (B.^); 

D.^IN^ui 
b. A.B.T5Rct; C.HPRT; D.cfr# 
c. B.Hapl. omof ^IT 
d. A.^^T^T: 



Fig. XV. I 



4a. B.*faW 
b. B3.fq?RI: 
c. A.3PT9J B. ^^ 

d. B.mtwm a.w^ 
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At M L position P (Pitrs) just begin to get sunlight. It is sunrise to them. At M 2 it is midday, with 
Sun abovehead. At M 3 daylight ends and darkness begins. At M 4 , it is midnight for the Pitrs. On the 
earth, M 2 is new moon, M, mid-light fortnight, M 4 is full moon, and M t mid-dark fortmght. Thus, 
full moon on earth is midnight for the Pitrs, the whole night being the eclipsed time. 

Note that the Pitrs are supposed to dwell in the region opposite, along the line of sight of the 
Moon. Note also that.the synodic month forms the whole day for the Pitrs, full moon being mid- 
night and new moon being mid-day. Note again that the explanation above can hold good only if 
the Moon shows the same face to the Sun, as it really does. The Hindu astronomers held the same 
view, without any conception of it, for they held this view in the case of every planet. TS are 
confused, not keeping in mind clearly that the month for us is the day for the Pitrs. Here, graha 
means eclipse, and really there is no difficulty, which they seem to feel. 



MHfalHft Rw M^Ed II VII 

5. People at the North-polar region never see a solar eclipse occurring, 
because of the Sun and the Moon never being high enough in the sky. 

6. The Sun and the Moon can never be in a straight line with the eye for 
people in the North-polar region. Being on the side (as viewed from the region 
of low latitudes) they always view a gap between the Sun and the Moon, 

V.M. is wrong here. Every general partial eclipse, and some total or annular eclipses also, are visible 
even at the pole. Though the Moon*s parallax will be near maximum, with a high enough celestial 
latitude, the Moon can be projected on the Sun to form an eclipse. If VM had worked out an example, 
he would have discovered his mistake. He seems to have been misled by the fact that eclipses visible 
in low latitudes like India, would not be visible in the polar region. TS too say VM is wrong. 

Prosody requires some additional matrds in (6), and I have added ndm and bhavati in the second 
foot. TS's emendations which are adopted also by NP, do too much violence to the text. 

*rer(TZj)^S^3IT (qt)^tiWI<*)^^MI *T) <*f?T | 



5b. B.*Tf5TfafgT 

d. B.3qiWTSf^Pit: (A.B.ifcFTf; A.TO*) 

6a. C.^TE^; D.^Tg^TT c. C.D.% [at^ M 

b. A.B.C.D.%^W:«KlP=KfH T TT^Tf: | d - B.l^: 



XV.9 



XV. SECRETS OF ASTRONOMY 



285 



7. Though the Sun is low near the horizon, near sunrise or sunset, the 
Moon, being higher up, can hide the Sun like a cloud. 

VM here answers an objector to his stand (5-6). He is unaware that the case in (7) is similar to that 

(5-6). 

TS's emendations paramocca, which means "standing high up in the sky\ wiil make an eclipse itself 
impossible. NP's emendation candroparasamavastha does not give the sense of 'being under the 
Moon* given by them for the expression. 

im &um!m ^m^mn II 6 II 

WTT^(?T) < I HIMHc<<d c^M^H || ^ || 

8. For people who have sunset and for people who have mid-day, when we 
have sunrise, for all of us, the solar eclipse does not occur at the same time. 

9. Throughout the time when there is.eclipse for the mid-day people, it is 
past for the sunrise people by four nddikds, and will be yet to occur for the sun- 
set people by four nddikds. 

The context is the solar eclipse and the Moon is near the Sun, So for the sunrise people the apparent 
longitude of the Moon has increased by parallax, and the circumstances of the eclipse are advanced 
by more than four nadis. The opposite happens for the sunset people, and the circumstances are 
delayed by four nadis. The duration itself is shortened by a slow rate of change of parallax for both. 
Therefore when the mid-day people's eclipse begins, the morning people's eclipse has ended, and 
when it ends, the evening people's eclipse has not begun. So there is no overlapping of them. The 
explanation given by me is general, and several other circumstances will have to be taken into 
account. But VM's statement is correct in a general way. Hindu astronomers give the maximum parallax 
converted into time as four nddts. 

We must contrast this with the lunar eclipse, which begins and ends at the same moments, wherever 
the Moon is visible on the earth. 



7a. A.B.^ (B.^I) ^T; C.MI^^<a| 
b. A.B.f=T^ A. °"«i^JRT 
c. A.B.^LRH<=IWT; WiMWt; 

d. Al.SR^Ht:; A2.*I4*h1:; 
B.^EHIT (B3.W) cTT 

In B2, there is transposition of folios here. 



8a. B. Hapl. om of one^ 
b. B.t^RT«f: 

d. B.^THp4HH/INcl whJ 
9a. B.cKHlciy, — WTHT 
b. A.B.^W^MI^BS.^) 
c. A.^T 

d. B.HH4<d 3cfaH; B. gapfor3 |j3 

(of nextverse) 
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(3rf>#) #MW3I#S(^) ilgdKI^ | 

*A^ \ *M qfafM7i fcT^[cT] *l|<fafi{Mfoit: || || 

10. This matter of eclipses has been expatiated upon by me at the beginning 
of the chapter on Rahu's (the Node's) motion (in the Brhatsarhhitd, 5. 8-11). 
Also the causes for the eclipse of the Sun and the Moon without the consider- 
ation of Rahu has been dilated upon. 

VM indicates both the nodes as Rahu (the dragon of mythology), one as the 'head' and the other 
as the 'tail'. Here, VM takes the correct astronomical position in the matter of the eclipses. In this 
chapter as also as in his Brhajjdtaka, VM refers to without inhibition, the incorrect views of the 
authors of the early astronomical samhitas. 



M%f f^f^TFTt 4KMki,5TTcft ^T ^HW)<WRM< | 

^r(t) ^ra(f|)^ M&i)ci ?rra^ || %\ || 

^UjMM<¥HI<SllPcWHI ff?T ^*TMTStTm(<3T ^) 
dRMs l cl l MdM^ T% cHSn^T ^lĕTOT || V( \\ 
d«*IMM5MWIlf$c|t4l ^na^l ^MI^IWicbH | 
MffcHfe*i^*Mlch cjtfM^<NMMilUIIH || ^ || 

cTf cTt^T9T ^< l ^< | U l i (cw43uiUjt : | 
W^^I^TOTt M^Hi H l fecbmf|| : || V* || 

dH4WH<(^T)Ru|MMil: M^Pri |j ^ 

^TTTt%T%t^R5RWRT^ [sTJcTtsraKMIchH | 
Mf|Hfe*KdRM [^] H l ^il^i mfd MW\^ \\ ^ 



Situation at the Poles 

1 1 . There is no distinction of direction at the North pole, because East cannot 
be determined there using the Sun (rising and setting and culminating), for, 
as long as the Sun stays risen, it goes round and round the sky like a beautihil 
damsel. 

The idea is that there is no daily rising and setting of the Sun to determine east and west. In fact, 
at the North pole all directions are south. 

lOa. A1.3*^; A2.3*^;B.-^ lla. B1.2.f^mFlt 

b. B. ^dNmcllwl^ b. B.^iwimIw-i 

c. Al.^l5lM; B.^lM c. B.^I 

d. A.B.i^[l|(B.l) d. A l.qi^A 2.qraf^; 
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12. If it is argued that from the point where the Sun just appears above the 
horizon east is determined, as the Sun sets at the same point after half a year, 
can this east become west also? 

What VM says in these two verses is essentially true. But his statement that it sets at the same 
point after half a year is not correct. It is not exactly half a year, and the Sun will disappear at any 
point proportionate to the fraction remaining over the full sidereal days gone between rising and 
setting. 

13. For the gods at the North Pole, the day is determined by the Sun's decli- 
nation, (north declination being day-time, and south declination night), not 
like ours, depending on the daily rotation. It is 60 nddikds for us, and one year 
for the gods. 

14. Every year the day and the night of the gods and of the asuras (demons, 
at the South Pole) is opposite, (i.e. when it is day-time for the gods it is night- 
time for the asuras, and vice versa); for the pitrs (on the Moon), the day-night 
is one synodic month; and for men, it is sixty nddikds. 

15. To the extent the Sun rises above the horizontal by two muhurtas, (i.e. 
24° above the horizon) to that extent the gods at the pole see the Sun rising 
above the horizon, and not more than that. 

The Sun spirals round and round after rising, with its altitude increasing with its north declina- 
tion. As the maximum declination is 24° (according to Hindu astronomy, and fairly correct at VM's 
time), the altitude never exceeds 24°. After that is spirals down. 

16. The series of the Lords of the Horas and Lords of the days do not fit there 
as it does for us, because the sixty-na<#&2-day-night does not obtain there. 

This statement fits not only the pole, but also all places in the arctic zone, when the Sun seen 
above the horizon exceeds 24 hours. The hora is one hour's time, and the Lords of the hords are 
successively Saturn, Jupiter, Mars, Sun, Venus, Mercury and Moon, and again Saturn etc. The lord 
of the first hora after sunrise is the lord of the day. It can be see that the lord of the 25th hord is the 
lord of the day next in the day series. So, if the day is more than 24 hours,,the two series cannot fit. 



12a. 


A.B.^HU 


15. 


b. 


A.B.Wt?fiM3(A2. 1W3; B. ^!^) 


15a. 


c. 


B.dRH^RdH*! 




d. 




b. 


13a. 


A.dmHH*H; B.ddlH (B1.2.omT) 






M*H<=l¥ll(<clHl (B2.t^) 


c. 


c. 


B.#HT^IWl4) 


d. 


d. 


B3. gap afterWiJ; ( B 1 .2. no gap) 


16a. 


14a. 


B.ĕT^c^-tjPW 


a-b. 


c. 


B.TRTcJ A.B.t^TT 




d. 


B.^HI B.Htfe+Mfe: 


c. 


u 







Bl.STHrR; B^.SPTcTtTT; 
B3.^T=Mfor^tTT^ 

B. «ui^uitaGi pf (B3. otiRj^) 



A.%«fa«T:; B.^WT: 
A.^T^ (A.^RT^) ^«TTPTRR 
C.WRT ^^^«TRHT^ | 

A. dRHHI^); B. #HI&J<dRH^ I 
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W(3T)^rW^^c^(5^)Wt^ || H || 



Weekday 



17. The determination of the weekday is not the same everywhere. As no 
reason is given in this matter too, even astrologers disagree among there- 
selves. 

The commencement of the day is fixed arbitrarily, as a matter of convention, like midnight, sun- 
rise, sunset, etc, following the custom of different peoples. 

18 The weekday is obtained from the total days commencing from a stated 
point of time, of a particular day at a particular place. Acarya Latadeva has 
said that the day begins at the exact (mean) sunset at Yavanapura. 
This convention is that of the Romaka and the Paulisa Siddhdntas, mentioned by VM in PS I 8-10, 
Latadeva is said to have redacted these two siddhdntas. Yavanapura is Alexandria in Egypt, as can 
be fixed from the longitude correction for Ujjain in PS III. 1 3. see also I. 8 and note on p. 1 above. 



[j ^HUMI l 



17-20. Quoted by Makkibhatta on 
SL Sekhara, 2.10. 
I7a. A.^RSJtcTT^H; B.^KSntcT^^ 

b. M.Wt^ 
c. A.B.C.D.M.^t?lft 



18-29. QuotedbyUtpalaon J BS2,pp. 

31-32 
18a. B.^luiRH 

B1.2. f*<tfS!Ftfa; (B3.M°) 
b . Al.WIT; A2.*P*I; B.D. M.U.^ssp* 
c. A.B1.2. dMMl3 
d. A.B.^tCB.^I)^; M.^T^t 
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^^o^r(H;m) <dc«g <ym<A : \\^ \\ 

^^^^ <lMch^^5 ^:^: \\^ || 
3^Ml^ch^<Ni|^(<wfdfyRc(^^!4r|^|cbf: | 
aTgR(ccrf) ^ | fdMV II: ^T3|cfTn ^m i j) || W \\ 

3Fqĕ; <lMch^t|^ | ^^ I M<M^cl ^cH^ I ^ | 
^ch l 4<N^^l<^<4i4)^ | ^c( || ^ || 

^^ i ^M^M^idRc^ ^^^ I 

rT5Trsftr^TT5ikicJ|cH(qr (cTT) ^rrrT: chlR^^liRd ||^ |[ 
^cTc^^r^TT(^) ^n^K^ct (c*HMM^ || || 

Day- reckoning 

19. Siriihacarya has declared that reckoning cay-total commences at a sun- 
rise in Lanka. The preceptor of the Yavanas has said that the day commences 
for the Yavanas ten muhurtas, or twenty nddikds, in the night, (i.e. after sun- 
set). 

Hindu siddhantas suppose Laiika to be on the equator, at the junction of the Ujjain meridian. 
Simhacarya's view is that of many later siddhantas. The preceptor of the Yavanas mentioned is 
probably the Yavanacarya of the Ydvanajdtaka, the well-known astrological work. There is a section 
devoted to astronomy also in that work. If the people in Greece are meant by Yavanas here, 
Yavanacarya perhaps tries to fit a Greek astronomical work into serviceability in Ujjain, for 20 nddis 
after sun-set in Greece is the moment of sun-rise at Ujjain, assuming a rough longitude correction 
1 nddis. 

20. Aryabhata has said that the day commences at mid-night at Lanka. He 
himself again has said, the day commences from sunrise at Lanka. 

Aryabhata has written two works. One is the wellknown Aryabhatiya. He has written another 
work, not extant now. It is referred to by others as the Midnight School and commences the day at 
midnight. Bhaskara I has given its system in chap VII of his Karmanibandha, better known as 
Mahdbhdskariya. The system given in this is the same as that of the Saurasiddhdnta of the PS. 
Brahmagupta professes to follow this in his Kharulakhdyaka. 

20a. Jy,N.Wtl^ 

19c. B. HownifiriFifiiPi'i^ 20. Quoted by NUakantha in his b. B 1.3.51^-11?; B2.H«jRwiK 
A.D.U.°^?rfVr^ ; Jyotirmimdthsd, p.8, as also on A. -sl l ^Hg :; Bl.S.^T^WS: 

M.^°MlPwte??F ABh. Kala. 16. c. M, N.U.^Ml^ 
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21. If it is argued that the different times for commencing the day can be 
accounted for by correction for longitude, it does not agree with what they 
themselves have said in this matter, according to the sastras, (which is as follows). 

22. 'The sun rising in Bharata-varsa, makes at that very moment, mid-day in 
Bhadrasva-varsa, sun-set in Uttara~kuru-varsa, and mid-night in the 
Ketumala-varsa. 

23. What is sun-rise at Larika, that same moment is sun-set at Siddhapura, 
noon at Yamakoti, and mid-night in the Romaka-pura. 

In the above two verses the early siddhantic conception of a world geography is given briefly. The 
equator is the Jambudvipa, with the North Pole at its centre. Lanka is the point where the Ujjain 
meridian cuts the equator. The point 90° east of Larika is Yamakoti, also calted Yavakoti. Here 
seems to be a vague concept of Java, called Yavadvipa, whose exact distance was not realised. Ninety 
degrees west of Larika is Romaka-pura, answering to Rome, whose exact position was not realised. 
The antipode point of Larika is called Siddhapura. A vague notion of the Mayan and Aztec civilisa- 
tion brought in by early exporters sailing the seas might have given rise to the idea. The astronomical 
idea of sun-rise, moon etc. is correct according to the conception. The four varsas mentioned, 
Bharata, Bhadrasva, Kuru, and Ketumala are supposed to be situated round the North Pole, at its 
south, east, beyond the pole and west, from our stand point, in Bharatavarsa. The Puranas give 
seven divisions of the Jambudvlpa, and these are the principal four. The puranic concept is that of 
an earlier period of a flat earth, with the mountain Meru at the centre with Jambudvlpa arranged 
all round, transmitted by tradition. The Siddhantas tried to fit whatever is possible of the Puranic 
geography, into the conception of the spherical earth, refuting the rest outright or explaining 
them away. 

24. At the beginning of the yuga, the intercalary months, the omitted days, 
the planetary days, the lunar days, the first point of Mesa, the Moon, the Sun, 
half-years, rtus, and the sidereal days, begin together (and can be reckoned 
anew). 

25. The longitude correction reckoned from the Romaka region is different 
from that from Yavanapura. Reckoning tirrie from mid-night at Larika is 
different from that from sun-rise. 



21a-b. B.terl^ (B3.°^°) 


23a. 


A. Hap. om of one^t; 


c. B.°W^W^ (B3.Wlt) 




B.^P&^crl^Hli 


d. A.^M 


c. 


A.B 1 . m^H\ U . -M^iMi 


B 1 .2.3. gap indicated for^«?I?IT^ 


d. 


B.ilHiWu.Tn^ 


and part of the next line up toj* 1 ^ 


24a. 


B.'3T' lost.B.ilRl^ 


22a. A.M^W; C.D.U.^sa^Wm 


b. 


B.^H^ AM 


b. A.C.D.U.om<M^andread 


c. 








ai.^iwkI 








c. A.^-rtlW 


25b. 


B. Pnnil^ir 


d. B2.^W4>: 


d. 
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26. If we determine the Day-lord from the half-setting of the Sun every day, 
there is neither traditional authority nor reasoning to support this. 

27. Even in quite adjacent places, in one place there is sun-rise or sun-set, 
and not in the other, day-time in one place and night in the other, and vice 
versa. Thus, there is confusion among people in the matter of the Lord of the 
day. 

d^lliMRPl ^htf8Rf?T: ^f?T || \\ 
^fofafa (^)5Sm ^TblM^ « l g<NWf : ||^ || 



28. The matter of determining the Hora-lord also is in the same mess. When 
the Day-lord is not determined, how can the Hora-lord be determined? 

29. Without giving a thought to all these difficulties, people generally use the 
name of the Day-lord in their daily routine, (and get on with their work). 
Learned authorities say that the best thing would be to use the true tithi, 
(lunar day) and its parts for daily intercourse (as for fixing a definite point of 
time etc.) 

What is meant is as follows:- Sun-rise etc. may vary frorh place to place, according to the local 
time. But the lunar day is the same for every place on the earth. So this can fix a point of time without 
any ambiguity. We learn that the ancient Babylonians used the lunar day as the unit of time, just 
as we use the solar day. 

In the above verses VM indulges in a lot of discussion about Hora-lord, Day-lord, etc. But these 
are only matters of convention, and astrologers and governments can agree upon some convention 
to avoid difficulties, e.g. do we not have the standard mean time for our daily dealings. 

26a. B.°?totT^ 27b. A.B. PwiR-Nld : 2«a. A.^^; B.^rT^ (B3.°^°) 

b. B.°t^^B.f^TTfTOA2.^T: A2. »R»R^ b. B.°fWTrai: 

c. B.^MTO c. A.B.WT c. A. W; B.ftlFT 

d. A.^frP:; B.C.D.^^P: d. D. ^ l ^ci 29a. U.^RR^ 

B.°^ireT:; U.°^% " b. A.^; B1.2.^lft; B3.^ft: 

c. B.*g*f?TfsT A.B1.3.fMN 

d. Bi.TraprT: 

[^Et M^R4fa l PHchNi cKH|i|ft<fiKfiMWi ^fd^MlHt|?I I M ^^T>5^TFT: \\Y 

Thus ends Chapter Fifteen on 'Secrets of Astronomy' 
in the Pancasiddhantika composed by Varahamihira 

1. Col.: A.B.D.^Tt (Al.^) RrtlrBWtJTO^ 
( B.^PTT) ^TO: | 

C . ^fcT ^TtMt^lWT M4K¥ll5«TFT: || 



Chapter Sixteen 
SAURA SIDDHANTA : MEAN PLANETS 

Introductory 

Chapter XVI of the Pancasiddhdntikd deals with the computation of the mean star-planets, 
Mars etc, according to the Saura Siddhdnta, and chapter XVII of their true motions, with their 
heliacal risings and latitudes. The mean planets are made true by employing the method of epicycles, 
as in the case of the Sun and the Moon, in chapters XI and X. Of the Five.siddhdntas condensed by 
Varahamihira the Saura alone uses epicycles, and there is no evidence of its use in any other. 
So, in the originals also, only the Saura must have used epicycles, since VM follows the originals as 
far as necessary. Thus the Saura is the most mature, and may be considered to begin the highest 
developed stage of Hindu astronomy, represented by the Aryabhatiya, the Brahma-sphuta-siddhdnta, 
the Later Surya Siddhdnta etc. 

Though VM's Saura, being a karana, does not use cycles for the planets, the original must 
have had them and they can be reconstructed from the epoch-constants given, as we have done in 
the case of the Sun, Moon, Moon's apogee and nodes. These can be seen to agree with the corres- 
ponding parameters of the Paulisa quoted by Bhattotpala in his commentary on the Brhatsamhitd, 
and with the Ardharatrika-paksa of Aryabhata, a work now lost, but reconstructible from its descrip- 
tion given in the MahdbhdskarTya, chapt. VII, 21-35, and from the Khandakhddyaka of Brahmagupta, 
which latter expressly follows the Ardhardtrika-paksa. Not only the y?/ga-cycles, but also the yuga 
days, and epicycles and apogee positions and nodes agree in these. Strangely enough, the 'Nerv' 
Surya Siddhdnta does not agree with the 'Old' in many things. In the matter of computing the 
tatitudes of the star-planets, the Saura gives the same method as the Ardharatrika-paksa combining 
two types of Iatitudes, but the Khandakhddyaka follows the Aryabhatiya itself exactly as propounded 
inthe Mahabhdskariya, VI. 52-55. 

As for agreement of VM's Saura with the other siddhdntas of the period, a perusal of the table 
given under XVII. 1 1 will show this. But it must be noted that the agreement in mere number of 
cycles is not real agreement, because, the yuga days being different, there will be difference in the 
calculated mean values. But at the period we are considering, viz. c.500 A.D., the mean positions 
fairly agree with one another, and also with what would be got by modern astronomy, showing 
thereby the accuracy of their observations. For example, for PS's epoch, all except the latcr Surya 
Siddhdnta give nearly 236° for Rahu, including the moderns. This is seen only in the Rahu of the 
Later Surya Siddhdnta, (Evidently, there is error of reading here. In 1.33 of the I^ater Sur. Sid., the 
original should have been vasvasviyamdsvisikhidasrakdh instead of vasvagni etc.-This mis-reading 
must have occurred before the commentator Ranganatha, for he gives astaramakrtirdmadvimitah. 
If what I suggest is correct, 3° will be added to the 232° 29' got according to the wrong reading making 
Rahu == 235° 29', giving fair agreement). There is agreement in the degrees for heliacal rising and 
setting and the niethod of computing the star-planets between the Saura of the PS and the Ijiler 
Surya Siddhdnta, though the epicycles differ in many ways. 
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Another important matter should be mentioned. In XVI. 10-11, and XVII. 1 0- 1 la, VM gives 
corrections, which are his own, to secure agreement with observation to make the Saura fit for 
correct almanac-making, which naturally will be demanded by the literate. Thus, in XVI. 10-1 1, 
certain bljas are given to correct the means of Mars, Jupiter and Saturn and the sighra of Mercury 
and Venus. The corrections amount, in terms ofyuga-cycles, to: Mars, + 57; Mercury, + 400; Jupiter, 
- 33 V2-; Venus, - 150; and Saturn, + 25. These corrections are similar and approximately equal to 
the famous Vagbhavona correction on the Aryabhatiya, propounded by his successors in his school, 
to correct his cycles to agree with their observation. I do not suggest that VM was aware of the 
Vdgbhdva correction in that form, but the tendency to correct the earlier results with bijas based on 
observations is found everywhere, whether north or south, a healthy sign of the growth of the 
science. One might refer also to XVII. 10-1 la, where VM attempts to correct Mercury and Venus 
to secure agreement with observation. 

Another thing is to be noted. In (1) the Aryabhatiya, in (2) the Ardhardtrika-paksa (which means 
ipso facto the Khandakhddyaka), VM's Saura and Bhattotpala-quoted Paulisa, and in (3) the Ijiter 
Suryasiddhdnta, theyuga cycles are such that the mean planets are all zero at the beginning of Kali, 
the Moon's apogee is 90°, and the Moon's node 180°. Now the Aryabhatiya had equal yuga-pddas, 
Krta, Tretd, Dvdpara and Kali, i.e., they are equal in length. The other siddhdntas have unequal yuga 
divisions, Krta being 4 parts, Tretd 3 parts, Dudpara 2 parts and Kali 1 part. If the other siddhdntas 
also postulate, like the Aryabhatiya, that the planets were created and began to move from the beginning 
of the Kalpa from a zero position, then the cycles should be divisible by 20. But they are not so divisible 
in all. This necessity is avoided by postulating a time later than the beginning of the Kalpa called 
'the time of creation of planets' by the Later Siirya-Siddhdnta , as started in the verse, 

graharksadevadaityddi srjato'sya cardcaram 
krtdbdhivedd dwydbddh sataghnd vedhaso gatdh \ \l.24 \ \ 

and by having both the number of cycles and^/gn-cycles divisible by four. In the case of the Moon s 
apogee, the cycles should be odd, and in the case of Rahu the cycles should be even, but not divisible 
by 4. These necessary conditions are indeed found in the Later Surya Siddhdnta and its kind. Thus, 
if there is any observed difference in the mean planets, Moon's apogee and nodes, they must be due 
to the 3600 years elapsed after Kali, for the period c.499 A.D. But the observed differences should 
be only small, and due to error of observation. The cycles must have been, and have been, 
constructed with an eye to this also. In fact, the number of cycles have been determined by observa- 
tion, and by using the Diophantine equation (kuttaka). The difference of just 300 days in the length 
of the yuga, (it does not matter much if it is 328 days, as in the Later Surya Siddhdnta) to secure equal- 
ity at c.499 A.D., between the Ardharatrika-paksa and the Aryabhatiya, which is called, for the sake of 
distinction, the Audayika-paksa, meaning the type beginning the day from mean sunrise at Ujjain, 
provided the number of cycies are the same. (See tables under XVII. 11). There is a difference of 
just a quarter of a day accumulated from zero Kali to c.499 A.D. and the difference is made zero at 
this point of time. 
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PANCASIDDHANTIKA 



XVI. 11 



Mean positions of the star-planets 



1 . The following is the deterrnined position of the star-planets at midnight 
at Ujjain according to the Saura Siddhdnta. For their computation, the mean 
Sun should be taken as the mean Mercury and Yenus. 



Note: I follow TS's emendations. 

Example: Find the mean Venus at 1,20,553 days after Epoch for the star-planets, viz. 427 saka elapsed 
midnight at Ujjain. 

This is the mean Sun at 1,20,553.5 days from midday of the Sauraepoch, (vide expl. under IX. 
1). Therefore the mean Venus = the mean Sun = 1,20,553.5 X 800 - 442) 2,92,207 = 17° 18' 
27". 



< TOT , W t fe^Miri(^H l V (1cf ) | 

'^^^(^) 4 ^h(^D ^e\*U&^ ; ' II 

^^#^njn:^TiT(gT)W: sh^M ||^ || 

3?T WWt Wlti WteUIWrM<l: | 

'"q^: , ^s^^r^^IT:^^'gTDTr , fcTT?ft8TT(^J) ||* || 

il^MdJg^iaM cbHl(3yffrlcf^rt?TT: | 

'^^^Tg fa(Hkti : ^f(^T) TT«HT(^)^ |m || 

3T^ ^TT(Tn) f^r(tffT)' (5TFT)^: ' '^(TT$I) ' ^RdkHST 

$TT: ^srjt 'W^^-Mri^r^ || ^ || 



3T ^ehKV I ^TT ^lHRdchl ^HHHJjJuidl : || 6 \\ 

'cf^*4i'?n: '^(^)cTt' fcdRd*i ^teRH; I 

#[«zn:] iwm fachHI: '?rf?R?RcTq[^]TpR^:' || ^ \\ 
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'^R3c^' (crchiHchl : jttm: [^: ] ^^dWT«zn: ^J: 1 1 ^ 
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2-9 To get mean Jupiter, multiply the days from epoch by 100, and divide by 
4,33,232. RevoIutions etc. are got. Deduct 10"' per revolution. Add 8° 6' 20", 
the mean at epoch (This is called ksepa.) (A bija correction is given by VM, to 
this, for which see verses 10-11, below.) 

To get Mean Mars, divide the days by 687. Revolutions etc. are got. Add 14"' 
per revolution. Add 2 r 1 5° 35 ' 0", the mean at epoch. (See verses 10-11, below, 
for bija correction.) 

To get mean Saturn, multiply the days by 1000 and divide by 1,07,66,066. 
Revolutions etc. are got. Deduct 5"' per revolution. Add 4 r 2° 28' 49", the 
mean at epoch. (See verses 10-1 1, below, for bija correction). 

To get the Sighra of Mercury, multiply the days by 100 and divide by 8797. 
Revolutions etc. are got. Add 4V2'" per revolution. Add 4 r 28° 17' 0", the 
Sighra at epoch. (See verses 10-11, below, for bija correction.) 

To get the Sighra ofVenus, multiply the days by 1 and divide by 2247. Revolu- 
tions etc. are got. Add 10 W per revolution. Add 8 r 27° 30' 39", the^ra at 
epoch. (See verses, 10-11, below, for bija correction). 



la A.°tt; B.^ti 

b. A.fH u it=f>fa*lft; B.' ^»1*1^41^ 

c. A.H(*Hl3>"l; B.hWTI&UI 

B.lWfB2.WM 
Al.fcTAl.°2*^ 

B. repeats words from previous verse: 
*tfl|x<*C1 (si^HlGwS.: *«5<?IM«II 

A.^T^f B.*!° B.^: 
B1.2.D.-^TH^T 
B 1 .3.^im Wt and oneWf 
om by haplography 
b. B.°UJIW*KI: 
B.^TH^:^)^^! 

B1.3."^^B3.f^Tt«ZT A. ^; B.^: 
B,°W 

B3.°JJlfd=I^C.D.^IW 
B.°^T^TOI: 

A. «T^hWTT^; B."?TH"WIH*<^'4^ 
A.^IHlldkl; B.HmtcrW 
A.C.D.**; B.cR:; 

A.<3H"#Kt (A2.°4°); B.cT^TT^TWtW: 



2a 



d. 

3a. 

a-b. 
b. 
d. 
4a. 



c. 

d. 
5a. 

b. 

c. 

d. 
6a. 

b. 
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Note 1. I follow TS's emendations, except in verse 6, where I have read khamaksau as khapaksau 
instead of their khamakso, makso being meaningless. But their meaning, 20, is all right. In 7, the word 
ksepa can stand, and need not be emended as done by them. 

Note 2. The word madhya with reference to Mars, Jupiter and Saturn is mean planet in modern 
parlance, and sighra with reference to Mercury and Venus, is mean planet according to modern 
terminology. 

Note 3. How to get the days from epoch has already been explained, and it should only to be 
brought to the mid-night following to be used here. 

Example 1. Find the mean Mars at 1,20,553 days from the midnight/ollowing the Romaka epoch, which is 
the epoch given for star-planets. 



1,20,553 -4- 687 = 175 revolutions and = 


5 r 


21° 


52' 


40" 


The revolution correction =175x14"' = 






4 


41" 


Ksepa or mean at epoch = 


2 r 


15° 


35' 


0" 


Mean Mars at required date = 


8 r 


7° 


28' 


21" 


Emmple 2. Find the Ĕighra Venus at 1,20,553 days for epoch. 










1,20,553 X 10 2247 = 536 revolutions and 


6 r 


2° 


19' 


23" 


Revolution Correction: 536 X 10 W = 




+ r 


33' 


48" 


Sighra at epoch = 


8 r 


27° 


30' 


39" 


Stghra of Venus at 1 ,20,553 days = 


3 r 


r 


23' 


50" 



Note 4. The rules give to find the mean planets etc. depend on the fact that there are approxi- 
mately 100 revolutions of Jupiter in 4,33,232 days, one revolution of Mars in 687 days, 1000 
revolutions of Saturn in 1 ,07,66,066 days, 1 00 sighra (truly mean) revolutions of Mercury in 8,797 
days and 10 of Venus in 2247 days. The revolution corrections make these exact. The epoch 
constants are the means at epoch. 

Ncte 5. From the rules given we can reconstruct the yuga cycles of the original Saura-siddhdnta of 
which the Saura of the PS is a Karana, and from these the epoch constants. These we shall do now. 
The yuga days of the original Saura are 1,57,79,17,800, as computed from the short Saurayuga 
given in 1.14, from which it can be computed that in 1,80,000 years there are 6,57,46,575 days, 
since the yuga is 43,20,000 years, being 24 times the short^a. 



We might now verify by calculation, the yuga revolutions (yuga-paryaya) and epoch constants 
{ksepa) of the several planets. 

Jupiter; Yuga revolutions 

1,57,79,17,800 X 100 -4,33,232 = 3,64,220, rev. r 17° 25' 1" 

Revolutioncorrection = 3,64,220 X 10"' = -16° 51' 43" 



. The number of rev. etc. in theyuga = 3,64,220 rev., 



r 0° 31' 18" 



XVI 1 1 XVI . SAURA : MEAN PLANETS 297 

The error in the karand method is 3 1 ' 1 8" in 43,20,000 years, which is negligible when we consider 
that the rule is given in a karana, which is not intended to be used for such a long penod. The yuga 
revolutions 3,64,220, is indeed that given in the original, as seen from the Ardharatnka-paksa and 
Bhattotpala's Paulisa and Khandakhadyaka. 

Epoch Constant (ksepa) for Jupiter 

The epoch is 427 Saka i.e. 427 + 3179 = 3606 years from zero Kali, i.e. midnight, - 3 nddis, 9 

irinddis. For 3606 years, the motion is 3,64,220 X ( + ) = 

1200 1200 X 600 

304 rev., r 8° 6' 36" 

Subtracting the motion for 3 nddis, 9 vinddis, 

Jupiter'sepochconstantgot = 

This is exactly what is given above in verse 6. 

Saturn: Yuga revolutions 

1,57,79,17,800 x 1000 + 1,07,66,066 =1,46,564 rev., 
The cycle correction = 1 ,46,564 X 5 "' = 



r 8° 6' 20" 



r 3° 26' 12" 
- 3° 23' 34" 



. The Yuga cycles got = 



1,46,564 rev., r 0° 2' 38" 



- 6" 



2° 28' 49" 



This is indeed the^a cycles given in the Ardhardtrika-paksa etc. neglecting the smatl error of 2' 
38" accumulating in 43,20,000 years, due to the karana roughness. 

Epoch constant for Saturn 

1 ,46,564 C— — + )= „ QO , ,„ 

1200 600 x 1200 122rev., 4 r 2 28 5 

Deducting for 3 nddis, 9 vinadis 

The epoch constant got = - ^ 

Mars: Yuga revolutions 

1 57 79 17 800-687= 22,96,823 rev. 6 r 29° 4' 59" 

Rev.Correction = 22,96,823 X 14"'= +4 28 52 5 

,.Yuga-cycles= 22,96,823 rev. 11' 27° 57 4 

= 22,96,824, in round numbers, being short only by 2° 3', negligible in the long 
period. We see agreement with the original. 

Epoch constantfor Mars 

The epoch constant is 

22,96,824 + )=1917rev., T 15° 36' 43".2 

1200 600 X 1200 
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Deduction for 3 nddis, 9 vinddis —1' 39.5" 

Lessl9l7"'-5 ' -6" 

The epoch constant = 2 r 15° 34' 58" 

There is agreement. 
Mercury: Yuga revolutions 

1,57,79,17,800 x 100- 8997 = 1, 79,36,998 rev. ll r 21° 41' 33" 

Rev. Correction = 1,79,36,99 X4V2'" = + l r 13° 41' 15" 



They«gacycles= 1,79,37,000 Rev. r 5° 22' 48" 



There is fair agreement with the Ardharatrika-paksa etc. with an excess of 5° 22' 48" in the yuga, 
which need not be considered great in a.karana rule. 4 7/16 instead of 4V2'" would have taken this 
difference also into account. 

Epoch constant for Mercury 

1,79,37,000 (— — + — ) = 

1200 600 X 1200 14,972rev., 4 r 28° 30' 0" 

Subtractingfortheexcess 3nddis, 9vinddis —23' 53" 

For 1 / 1 6 repeat the correction +16" 



Epoch constant = 4 r 28° 17' 23" 



Here the constant seems to have been given to nearest minute. 
Venus: Yuga revolutions 

1,57,79,17,800x 10 + 2247 70,22,331 rev. l r 8° 55° 54" 

Revolution correction = 70,22,33 1 x 10 J /2= 56Rev. 10 r 21° 47' 52" 



Yugacydes = 70,22,388 r 0° 43' 46" 

There is a small error of 43' 46", negligible in the long period oiyuga, owing to the karana rule. 
10 85/178 would have been very correct. 

Epoch constant for Venus 

11 

Epoch constant, 70,22,388 ( + ) = 5861 rev. 

1200 600 x 1200 8 r 27° 35' 38".4 

Less for 3 nddis, 9 vinddis — 5' 2" 

Extra in the correction + 2' 4" 



Epoch correction (in full agreement) = 8 r 27° 30' 39" 

In the Sun, Moon, Rahu, and Moon's apogee too we see much exact agreement with Ardhardt- 
rika-paksa, Khandakhddyaka and Bhattotpala-quoted Paulisa, from which we can conclude that the 
source of VM's Saura is the Old Saura-siddhdnta. 
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VM's Bija corrections 

10-11. Add 17" per year to mean Mars. Deduct 10" per year from mean Jup- 
iter. Add 7 W per year to mean Saturn. Add 120" per year to the sighra 
('mean' according to modern parlance) of Mercury. Subtract 45" per year 
from the sighra (modern 'mean') Venus. In addition, subtract 1400" or 23' 
20", constant from Jupiter's mean. 

Note.l I follow TS's corrections. 

Note 2 These corrections are obviously VM's own, to secure agreement with observation, 
because VM sees the Saura used widely for almanac making, (besides himself being its follower) and 
uses these bija corrections to the Saura. Being VM's own, we cannot verify the numbers used, but 
we can compare these corrections with those given by the followers of the Aryabhatiya belongmg 
nearly to his time. Note how close they are, and commend the tendency to observe and correct, 
instead of blindly following the niasters. 

The Kerala school following the Aryabhatiya gives the well-known vagbhava correction: 

vagbhdvonac chakdbddd dhanasatalayahdn mandavailaksyardgaih 

prdptdbhir liptikdbhir virahitatanavas candratattungapdtdh \ 

sobMnirudh^amvidganakanarahatdn magardptdh kujddydh 

samyukytdjndrasaurdhsuragurubhrgujau vajitau bhdnuvarjam j| 

(Katapayddi notation is used here.) According to this the corrections per annum are for Mars 
+ 1 1 .5", for Mercury + 105", forJupiter - 12",forVenus - 39", and for Saturn + 5". Seethatthese 
compare well with VM's. 

Emmple: Give the bija corrections for Mars and Venus at 1 ,20,553 days/rom epoch. 

This is 330 years. The correction for Mars = 330 x 17" (positive) = + 1° 33' 30". 

The correction for Venus = 330 x 45 (negative) = - 4° 7' 30". 

Thus iyo-corrected mean Mars of date is 8 r 9° 1' 51", and ftya-corrected Venus, 2' 27° 16' 20". 

Thus ends Chapter Sixteen entitled 4 Saura-Siddhanta - Mean Planets' in 
the Pancasiddhantika composed by Yarahamihira 



l.Col.: A.B.D.^to^^^'- (B.^for^l) 
(D. gives this as a section colophon). 
C. I^T <j4R<4l^ ^'itdHlH %5#sqp7: 



Chapter Seventeen 



SAURA-SIDDHANTA — TRUE PLANETS 

As stated earlier, the computation of the Saura star-planets is continued in ch. XVII, the topics 
treated being, the True planets, their heliacal risings and their latitudes. 

l Vqmt' (W^^Wl:)' *^?TT' **$MH<Ml*i || 3 || 

Epicycles of the planets 

1 . For the other planets (i.e. other than Mercury and Venus, viz., for Mars, 
Jupiter and Saturn), the Sun is their Sighra. The epicycles of equation of the 
apsis of Mars etc. are twice, 35°, 14°, 16°, 7°, and 30°, (i.e., of Mars 70°, of 
Mercury 28°, of Jupiter 32°, of Venus 14° and of Saturn 60°.) 

Note 1. 1 follow TS's emendation in pancatrimsanmanavah. But I readsurdh assvarah and notiaraA, 
like TS because svardh is nearer the given reading surdh, and also 14° is the epicycle given in the 
Ardhardtrika-paksa etc. Five mdtrds are wanting in the last foot, and it must be supplied with some 
such words as bhdgdh, as all numbers are already given. But TS make it sadyutds-trimsdh and, 
strangeiy enough, translate it as 24, confusing the addition mentioned by themselves for subtrac- 
tion. (However, on page XXIII of the Introduction Thibaut gives the correct 30° X 2 = 60°.) 

Note 2. The first foot is to be read with verses 7 and 8 of chap. XVI where the sighra of Mercury 
and Venus have already been given. Properly speaking, the matter in the foot should have been 
given in chap. XVL 

WTt?TTO (?) *TFTT: $^U^*(^)T^ II * II 

2. 6, 11, 8, 4, 12 multiplied by 20, Mars's being less by 10°, (i.e. 110°, 220°, 
160°, 80°, and 240°) are the apogee positions of Mars, Mercury, Jupiter, 
Venus and Saturn. 



l a . B.^f d. A.^lW^II: || B.°FT: $UfiiWI ||; C.« 

b. HT^; D.l pF5] [^:] | ™ 1 1; 

c. D.Tgyn:wA. B^Hci) D.w^n[a] || 
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Note 1. 1 follow TS's emendations. Mandagatindmabhdgah does not make any sense. But the meaning 
is obvious, it must mean apogee positions. Some drastic emendation of the word can be made to 
give this meaning, but I am against such as emendation. 

Note 2. These positions agree with those given in the Ardhardtrika-paksa etc, as also m the 
Aryabhatlya. The correct positions accordmg to modern astronomy are 128°, 234°, 170°, 290°, and 
244°, respectively. 

Note 3. The apogee 80° for Venus and the epicycle 14° are the same as given for Sun. The apogee 
position 80° given is near the perigee position of modern astronomy, so far away. We shall explain 
this under verses 10-1 la, below. 



VftwRM I cWi»ll : '^^(^^'-ricir^chii:* 



3. The degrees of epicycles of conjunction of Mars is 234, of Mercury 1 32, 
of Jupiter 72, of Venus 260, and of Saturn 40. 

Note 1. I have generally adopted TS's corrections. But the text is corrupt in the third foot, and 
TS's correction itself wants one mdtrd. I would read the third and fourth feet thus: 

paksasvards ca kham sadyamdh khakrtds ca kujddindm. 
This would follow the original work. 

Note 2. The values agree with the Ardharatrika-paksa, Khandakhddyaka, and Bhattotpala-quoted- 
Paulisa group, as to be expected. 

^sHehi<£i d<M<r1 :^(fiT:) *T(fr)?t TT Tg* fcTfo: ||* || 

^nR^^ru i d m$ [**] 1Sro(ftoT)* <to | 

cAldibci otjiHI^ ^|chcWf^ ^RF^(^:) || <a || 

<t^[c3^] 4ImmW (^ '^sr)^'^ I 



2a. B.lWta<ij«Kl+f (B2.T&I ) 
b. B.^A.3^A.^I^:;B.^T^I?M: 

(B2.°WTI:; B2."W^°n0 
c. D.^TcTNt^TmT: B.3FT?PP ||=pT 
d. A. ^st^kl"!* 



3a. B.^^«IRTr 

b. B.cWc^T°A.B.C.D.WfS.B 1.2.^1% 

c. B.omTOH*: A.*ro33SS*ra«fB.*aTO 

d. A.B.T^nsT (B3.^:^) C.D.fcT[:^:^KlHIH 
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True planets 

The jirst step 

4. Deduct the mean from the sighra. If the remainder (called sighra-kendra) 
is within 90°, sin. sighra-kendra is called bhuja, and sin (90° - sighra-kendra) is 
called koti. 

If sighra-kendra is more than 90° and less than 180°, subtract it from 180°. 
(Taking this as the sighra-kendra, sin. sighra-kendra is bhuja and sin (180° — 
sighra-kendra) is koti. If sighra-kendra is more than 180° and less than 270°, 
deduct 180° from it and take this as sighra-kendra. Sin. sighra-kendra is bhuja 
and sin (90° - sighra-kendra) is koti. If slghra-kendra is from 270° to 360°, deduct 
it from 360° and take its sine as the bhuja and sin 90° ^ sighra-kendra is the koti. 
(The bhuja of manda-kendra is to be found in the same way using manda-kendra 
in the place of sighra-kendra) 1 

5-6. The bhuja and koti must be multiplied by the planet's epicycle of conjunc- 
tion and divided by 360. Thus transibrmed, they are called bhuja-result and 
koti-result pertaining to the equation of conjunction. If the sighra-madhya is 
from 270° to 90°, the koti-result is to be added to 120 (the R. of the PS). If 
sighra-madhya is from 90° to 270°, the koti-result is to be subtracted from 120. 
Square this and add it to the square of the bhuja-result. Find its square root, 
and by this divide 120 X bhuja-result. Find arc-sine of this. Subtract half this 
from the longitude of apsis if the sighra-kendra is from 0° to 180°. Add if from 
180° to 360°. 

MRu i im ehljchl^d^^d SR%&) ||V9 \\ 

Secondstep 

7. Half rectifying the apogee position thus, deduct it from the mean. The 
result is to be used as the anomaly of the apsis in the second step. As we find 
the bhuja of the anomaly of conjunction (sighra-kendra) so find the bhuja of the 
anomaly of apsis. Multiply the bhujaby the manda epicycle and divide by 360. 
and get the transformed bhuja-result of the apsis. (This is sine equation of the 

4.5. QuotedbyUtpalaon5S,2.pp.44-45 d. Al.^^; B.C.D.U.^J: A.B. 1 ^ 

„ . , , 5b. A. 'i^ld cfST; B. Tft EigTcW; 

b. A.^lkld^ A.B.W (B2.3.«T) v 

A.B.°^?f^; U.°<^l^l 
c. B.=Ftfe 



' In modern usage, for all the above we can simply say sin. sighra-kendra is the bhuja and cos. sighra-hendra 
is the hoti, without taking into account the sign + or — .) 
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centre). Find its arc-sine. Add half this arc to the half rectified longitude of 
apogee if the anomaly of apsis is from 0° to 180° and subtract if 180° to 360°. 
Thus the apogee is rectified completely. 



8. Substract this rectified apogee from the mean and thus get the anomaly 
of apsis. Find its bhuja and multiply it by the epicycle of the apsis and divide 
by 360°. The bhuja-result, (this is the equation of the centre), is got. Find the arc- 
sine of this, and subtract the whole of this arc from the mean if the anomaly 
of apsis is from 0° to 180°, and add it from 180° to 360°. The resultis rectified 



9. Deduct the rectified mean from the sighra. The anomaly of conjunction 
is got. Find the bhuja and koti of this in the same manner as we did in the first 
step. Multiply the bhuja by the epicycle of conjunction and divide by 360°. Sine 
anomaly of conj. is got. Multiply the koti, i.e., cos. anomaly of conjunction, by 
the epicycle of conj. and divide by 360°. The related cosine is got. Add this t.o 
120 if the anomaly is from 270° to 90° and subtract from 120 if from 90° to 
270°. Square this, add the square of the bhuja (i.e. equation of conjunction) 
and find the square root. Divide the equation of conj. x 120 by this square 
root. The arc sine of this is the result. Add this result to the rectified mean if 
the anomaly of conj. is from 0° to 180°. Subtract otherwise. The geocentric 
true planet is got. 



Wn^^(q)1^9ftsT (rT)^^T[ff] rTFT <MIM*i 
<fqsq^ cfcrfcZT M^^d ^ll^ 1 1 6 \\ 



Third step 



mean. 



Fourth step 



6a. Al.cJ^T; B.d^H^I 



d. B.«FT?rft:; C.D.SFT#T 

B 1 .2.3. repeat the verse twice and 
give them two consecutive verse 
numbers. 



b. A.«(F5I%FT^(A2.g) WS; 

B. ^N^H^^ra; C.^T^^SR^^; 

B.^M: (B2.W0 



8a. B.WIT^ A.^f^Tt«!T; C.D.^#?Tt«2T: 

b. A.B.C.D.WTI^^liH 

9a. a.TT«ZTT®Ti; C.WTT^ 

b. D.WfNf 

c. A.B.D.^lRcKi^ B.WT 

d. A.B.H«T!^ (B.^) WT^: (B.TTWT:) 



c. A.B.WTT (B.1T) 3 

d. B.^MB.^TcTT^ 

7a. B.^jft(Bl.tq, B3.-qt)^T^ 

b. C.t^RTTtsRW; D.t%?lt«TcRJT 

c. B2.qft^B3.^FT*T 
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Note 1. In verse 4, 1 follow TS's reading, except that I have emended sadbhydh intosadbhih, instead 
TS's sadbhyah, because my reading allows us subtraction or addition, as is wanted. In verse 5, I 
follow TS's except in the second foot, where I give the Brihatsamhita reading. Either reading gives 
the sarne sense. In verse 6, 1 follow TS's except in the second foot, where I have given bhdjyam for 
yibhajet, as being more likely. But the meaning is the same. In verse 7, the text required no emending, 
and TS's dhanabani is unnecessary. In verse 8, iike TS I have corrected puro into punah but I have 
also corrected bdhum into bdhur which is required by grammar. In verse 9, I have corrected 
madhydkhydm mto madhydkhyam, which is the reading of some of the manuscripts. Otherwise I follow 
TS. 

Note 2. VM , here, as elsewhere in the PS, uses his tabular sine where Ris 120', as given in chap IV. 
So we must use his tabular values to get the R sines and R cosines. Of course, we may use the modern 
table, or the Siddhantic table with R = 3438. But then the R, 1 for the modern tables, and 3438 for 
the Siddhantic tables is to be used instead of 120' which is instructed here. (VM uses bhuja to mean 
sine, and koti to mean cosine, instead using the wordjyd). 

Note 3. The method is the same as what is found in the Later Surya Siddhdnta, with some changes 
for convenience. But in the matter of the number or order of the steps, the Aryabhatiya and the 
Siddhanta-Siromani differ. This is because, correctly speaking, the first two steps are useless, and the 
last two steps alone are necessary. In essence, the third serves to get the true heliocentric position, 
and the fourth to convert the heliocentric position into geocentric. The earlier steps are in the fond 
hope of getting correct positions agreeing with observation, while the real trouble is in the inexact 
parameters followed by the Siddhdntas. 

Note 4. The second and third steps are merely akin to finding the equation of the centre and 
applying to the mean. The first and fourth steps are conversion of heliocentric to geocentric posi- 
tions, neglecting the latitude, which is small and does not affect the result much. The work can be 
illustrated thus: 



Epicyde of Conjunction 




Chapter XVII. Fig. 1 
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The fig, is for Mercury and Venus, having the Sun as the mean planet. For Mars, Jupiter and 
Saturn, interchange the planet and the Sun. The geocentric position in both cases is mean planet 
plus Q. If Qis formed below the horizontal line, it is so much negative and must be subtracted from 
the mean. 

Example 1. Find the true, i.e. geocentric, Mars at 1,20,553 days jrom epoch. 
Given: 

Mean Mars, already found with bija corr. 8 r 9° 2' 
Sighra Mars = mean Sun of date = O r 1 7° 1 8' 
Aphelion (apogee) of Mars assumed, 3 r 20° (for 120" given) 
Epicycle of apsis = 70°, Apsis of conj. = 234°. 

Firststep. Anomaly of conj. = Sighra — mean 

= 17° 18' - 8 r 9°2' 
= 128° 16'. 

This is more than 90° and less than 180°. 

So, subtracting from 180°, bhujdmsa is 51° 44', Kotiaihsa = 38° 16' 

Bhuja = 94' 2". Koti = 74' 17" 

Bhuja-result = 94' 2" X 234° -s- 360° = 61' 14" 

Koti-result = 74' 17" x 234° -5- 360° = 48' 17" 

As anomaly of conj. is between 90°and 270°, this is subtractive from 120'. 

120' -48' 17" = 71' 43 ". 

120' X bhuja-result + VTl' 4$"* + bhuja-result 2 = 120' X 61 ' 14" 

V71' 43" a + 61' 14" 2 

= 77' 55". 

Arc for 77' 55" = 40° 30' 
Vfcarc = 20°15' 

Subtracting from aphelion (since anomaly of conj. is from 0° to 180°), 1 10° - 20° 15' = 89° 5', 
which is the half-corrected aphelion. 

Second step 

Anomaly of apsis = 249° 2 ' - 89° 45 ' = 1 50° 1 7 ' 
This is more than 90° and less than 180°. 

So, Bhuja degrees = 20° 45'. Bhuja = 42' 24". Bhuja-resuk (i.e. eq. of thecentre) = 42' 24" X 707360° 

= 8' 15" 

Arc for this = 3° 56 ' ; V2 arc = 1° 58 ' 

This is additive because An. of apsis is between 0° and 180°. 

Half rectified aphelion + 1° 58' = 91° 43' = full rectified aphelion. 

Third step 

The corrected anomaly of apsis = 249° 2' - 91° 43' = 157° 19'. The bhuja degrees = 22° 41'. 
Bhuja = 46' 17". The Bhuja-result = 46' 17" x 707360° = 9' 0" . Arc of 9' 0" = 4° 18', deductive 
because an. of apsis is between 0° and 180°. 

Mean - arc = 249° 2' - 4° 18' = 244° 44' = mean corrected (for eq. centre). 
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Fourth step 

An coni = 17° 18' - 244° 44' = 132° 34'. Bhujamsa = 180° - 132° 44' = 47° 26', Kotiamsa = 42 
34'. Bhuja = 88' 20". Koti = 81' 8". Bhuja-resuit = 88' 20" X 234° - 360° = 57° 25". Koti-result = 81 
8" X 234° + 360° = 52' 44". 

As an. ofco ni.isin270°to90°,thisi s deductive from 120'. So, 120' - 52' 44" = 67' 16". 120' > 
bhuja-result + V 1 bhuja-resulf + 67' 16" z = 77' 32". 

Arc of this taken as sine = 46° 16', additive because an. conj. is from 0° to 180°. 
So, corrected mean arc = 244° 44' + 40° 16' = 285° 0' = geocentric true Mars. 

Emmple 2. Find the geocentric Venus at 1,20,553 aaysfrom epoch. 
Given: 

Thesighraoi Venus = 2 r 27° W 2<f = 87° 16' 
Mean Venus = Mean Sun = 17° 18' 
Aphelion of Venus = 2 r 20° = 80°. 
Epicycle of Conj. of Venus = 260°. 
Epicycles of the apsis = 14°. 

First step 

An. Conj = 87° 16' - 17° 18' = 69° 58'. 

The Bhuja degrees = 69° 58'. Koti degrees = 20° 2'. 

Bhuja= 112' 42". Koti = 41' 5". 

Bhuja-result = 112' 42" x 260° + 360° = 81' 24". 

Koti-result = 41' 5" X 260° ■+ 360° = 29' 40". 

An. Conj. is between 270° and 90°. So the Koti-resuU is additwe to 120'. 

So, 120' + 29' 40" = 1 49' 40". 

Bhuja-result x 120' -s- V81' 24" + 149' 4U" J = 57' 20". 

Arc 57' 20" = 28° 33'. Half arc = 14° 17', subtractive to aphelion (as An. conj. is trom to 18U 
80° - 14° 17' = 65° 43' = Half corrected aphelion. 

Second step 

An. of apsis = mean - half cor. aphelion = 17° 18' - 65° 43' = 311° 35'. 
The Bhuja degrees are 48° 25 ' . - 
Bhuja = 89' 44". 

Bhuja-result = 89' 44" x 14° + 360° = 3' 29". 

Arc 3' 29" = 1° 40'. Half arc = 50', subtractwe, as an. conj. is from 180 to 3oU . 
Corrected aphelion = Half-corrected aphelion - 50' = 65° 43' - 50' = 64° 53'. 

Third step 

An. of apsis = mean-corrected aphelion 
= 17° 18' - 64° 53' = 312° 25' 
Bhuja degrees = 47° 35'. Bhuja = 88' 33". 
Bhuja-result = 88' 33" x 14° + 360° = 3' 27". 
Arc sine 3' 27" = 1° 39' , additive as an. of apsis is 180° to 360°. 
So, mean Venus + arc = 1 7° 18' + 1° 39' = 18° 57', is the eq. cent. corrected mean. 
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Fourth step 

An. conj. = Sighra-corrected mean 



= 87° 16' - 18° 57' = 68° 19'. 
Bhuja degrees = 68° 19'. Koti degrees = 21° 41 ' 
Bhuja =111' 29". Koti = 44' 19". 
BAu/a-result =111' 29" X 260° 360° = 80° 31' 
Xoft-result = 44' 19" x 260° h- 360° = 32' 0". 

As an. conj is from 270° to 90°, additive to 120°. So, 32' 0" + 120' = 152' 0". 

Bhuja-result X 120 -s- V ' Bhuja-resulf + 152* = 62' 12". 

Arc sine = 62' 12". Half arc = 31° 14', additive as an. conj is 0° to 180°. 

Geocentric true Venus = 18° 57' + 31° 14' = 50° 1 1 '. 

In verse 1 1 below, VM requires us to subtract 67' or 1° 7' constant, as bija-correction, after all 
work is over. So, geocentric True Venus = 50° 11' - 1° 7' = 49° 41'. 



10. All star-planets are (geocentrically) made true in the above manner. But 
in the case of Mercury, this additional work is to be done: Subtract its apogee 
from the sighra and, using the Sun's epicycle, find the Mu/a-result and apply 
it to the mean Mercury (which, of course, is the same as the Sun's), with the 
addition or subtraction done, as the Sun's bhuja-result is additive or subtractive. 

11 a-b. From Venus, subtract 67', constant, after all the earlier^/mto work 
instructed has been done. 



Note 1. The reading ksayadhane is better as it is, and TS need not have corrected it into 
ksayadhanam. The reading budhavat is deficient by two syllables, Lalla's reading budherkavat supplies 
these and makes the meaning more clear. So I have adopted it. TS's emendation budhaphalavat, 
with phala added for the two mdtrds wanting, is not different in meaning from budhavat. Being an 
arbitrary rule, we cannot decide which gives the original meaning, budherkavat or budhavat. But 
since Lalla's reading is not defective, at least as far as the mdtrds are concerned, I have adopted it. 



W(^fe)#fclT: jhW: ^^(H^)^ | 



Special work for Mercury and Venus 



lOa. B.om^J^: B.^to 

b. a^.^H^; b.^wh 5 ^; D.t^s^it 

c. A2.3I§;B.^ 

d. A.B .39^; C.W^m D.#(^) TO* 



lla. A.5#:; B.sqfe 
b. A.B.#2iiA.^feffl^;B.^fe^ 
(B2.3.°^c1^) 
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Also, it is clear that it is not a substitute for any of the four steps because, if so the separate epicycle 
for Mercury will be useless. 

Note 2. It is clear that the rules given here are VM's own, to secure, in his opinion, better agree- 
ment with observation, because they are not given in the Ardharatrika-paksa etc. and the original 
four steps are all in line with them, as also the modern Surya-Siddhdnta and the Siddhdnta Siromani. 

Note-3. The whole work of finding the true positions, especially of the star-planets is defective in 
Hindu astronomy, in that the equation of the centre of Hindu astronomy neglects the second, 
third, etc. terms, which is considerable in the case of the Moon, Mars, Saturn and Mercury, in which 
last case the second term is as large as 3°. In the case of Mercury and Venus it is applicable to the 
Sun, instead of their Sighra which is really their mean. In the equation of conjunction, the Sun's 
true distance from the earth and true longitude should be used, instead of the mean distance and 
mean longitude, as is done in Hindu astronomy. On account of these defects, computation does 
not agree with observation, and all sorts of hotch-potch rules are given in different astronomical 
works. The-disagreement among themselves would itself show that they are beside the mark. When 
these defects are remedied, the third and fourth steps alone would be necessary, the third step giving 
the heliocentric true planet; and the fourth step converting the heliocentric position to the geocentric. 

Note 4. In the case of Venus, there is another kind of defect. Its maximum eq. of cent. being small, 
it is confused with the Sun's, and the Sun's epicycle and apogee are given to Venus also. While its 
aphelion position is 290°, according to modern astronomy, its apogee is given as 80°, the same as 
the Sun's. 



Table of Heliocentric Star-planets at epoch. (For mutual comparison) 



Planets 


; 

Modern 
astronomy 


2 

Sidd. Siromani 


3 

Later Surya 
Siddhdnta 


4 

Earlier 
S. Siddhdnta 
oiPS 


5 

Vdsistha 
Paulisa oiPS 


6 

Interpolation 
mPS XVIII 


Mercury 

Venus 

Mars 

Jupiter 

Saturn 


151° 
269° 
75° 
9° 
122° 


148 V2° 
268 V2° 

76V 2 ° 
9V 2 ° 

122 


166°* 
264° 
78° 
9° 
123V2° 


148° 
267° 
75V2° 

8° 
122 V2° 


269 V2° 
83V2° 
12 ° 
120 ° 


161 V 2 ° 
269 V2° 

83V2° 
9 

118 ° 



For values in column (5) see their derivation in the Notes to ch. XVIII. All values have been com- 
puted by me. 

* This needs explanation: Perhaps the reading is sunydstd in Surya Siddhdnta 1.3 1 , which will reduce 
the degrees by 12. But the commentator Ranganatha takes it as sunyartuh. 
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Table oJSynodic periods of the Star-planets 



Planets 


; 

Mod. Astr. 


2 

Sid. Sir. 


3 

Later Su. 
Siddh. 


4 

PS-Su. 
Siddh. 


5 

PS-Vds.- 
Paulisa 


6 

Interpolated 
PS XVIII 


7 

Ptolemy 


Mer. 115. 
Venus 583. 
Mars. 779. 
Jup. 398. 
Sat. 378. 


87747766 
92136655 
93610175 
88404760 
09190150 


8784290 
8968279 
9222494 
8894794 
0859936 


8780110 
9001782 
9242712 
8891768 
0863874 


8785195 
8975750 
9211734 
8891698 
0860183 


8791307 
9092440 
9553326 
8891358 
0997090 


8750556 
9060301 
9787326 
8852917 
1100185 


.879 
584.000 
.943 
.886 
.093 



All values except those in column (7) have been computed by me. In column (6), 
given have been converted into ordinary days. 



Retrograde motion 

1 1 c-d The times from the beginning of the retrograde motion to its end and 
the follow up period can be found by the daily motion (being negative, dunng 
this period, and the convention regarding these). 
Note: The terms vakra (retrograde) and anuvakra (follow-up at the end of retrograde) are technical. 
They are eight in number according to the Surya SiMhanta, given by the verse: 

vakrdtivakra kutild mandd mandatard samdl 
tathd sighratard kghrd grahandm astadhd gatihll 

The generally given reading vakra-anuvakrd is wrong in my opinion and I have read it as vakrd- 
ativakra and ***** has taken the place oXanuvakra in the verse. The expression^ vakra sd nuvakraga 
in the next verse makes it clear. 

Generally the near ones are subsumed into one another. But in the case of Mars, VM gives all 
these eight and their degrees and periods. See below under XVIII. 33-34. 

[ygl^cbldHHII:] 

(1^)?T%(^)^ , c(^ l folHrHHc(^ (f^:) > || ^ II 



llc-d. A.^Strt^. B.^T^T^T: 
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Heliacal rising of the planets 



12. The heliacal rising and setting of the Moon, Mars, Mercury, Jupiter, 
Venus and Saturn are when their elongation (from the true Sun) are 12°, 17°, 
13°, 11°, 9°, and 15°. 



Note 1. I generally adopt TS's readings. But Sasi is extra, and evidently a mistake which has crept 
into the reading. To make up for this they have removed rudra which is necessary, and this emen- 
dation has spoiled the correct agreement with other siddhdntas. 

Note 2. These are time-degrees, i.e. time expressed in degrees (hdlabhdga) and are arbitrary in 
essence, and depend on the keennees of the observer's eyesight, as also the atmospheric conditions. 
The later Surya-Siddhdnta gives 10° and 8° for Venus at superior and inferior conjunctions, and 14° 
and 12° for Mercury, respectively, while the Surya-Siddhdnta here and some others give the mean 
of each. (The Mahdbhdskariya" gives even 4° or 4 l /2° for Venus at inferior conj. and 8° at superior 



13. Add one eighth of itself to the R (120') sine of (mean planet — apogee), 
in the case of Saturn, Jupiter and Venus. For, the two others, (i.e., Mercury 
and Mars), subtract one fourth of itself. (This is one partof latitude). There is 
another part of latitude using the Anomaly of conjunction. 

14. From the R sine anomaly of conjunction of Jupiter, Mars and Venus sub- 
tract one fourth of itself. From that of the rest, (viz., Mercury and Saturn) add 
an eighth. Add both algebraically and note the direction, north or south. 
Multiply this by R (i.e. 1 20') and divide by the hypotenuse got in the last step. 
The latitude is got, its direction being that. of the noted direction. 



conj.) 



GMIItR chU|fid| (t%)^(W)fMta: || ?X || 



Latitudes of planets 




c. B. u1"T«-Hi):; 

D. UW4): A.V$ti; B1.2.^ 



B.^<RH+<id<id4.WI: 
b. A.^^t^TI:; B.^^PH: 
c. A.B.fa*lfd<? (B.^) ^I 
d. A.B.C.^TTRTT^A.*^:; B.*^:; 



d. A.fa^frq# 
14a. BJJ^dd^l 



b. B.^TT A. 3W4%jlia'W I:; B. 3HH%^li 



C.H^Ps!^: 
13a. B.^ldi^l (62.^^1, B3.cTSsqr) 





B.R4PWWfa$fa:; C.tMwi:ift^:; 
D.f^Ffa:*Tfa$q: 
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Note 1 This is a peculiar primitive way of finding the latitude of the star-planets. It is not found in 
the allied Khandakhadyaka and the quoted part of the Bhattotpala-quoted Pautea. It is lound m 
Aryabhata's Ardharatrika-paksa given in the Mahabhaskarlya (VII. 28-33). But there are some differ- 
ences between the two, and we cannot decide which follows the original Saura here, and which has 
slightly modified the original. They both mention two kinds of latitudes for each star-planet which 
are to be added algebraically. But there is a difference in the maximum latitudes, and in the ascendmg 
nodes to be subtracted from the mean longitudes or sighras. VM's Saura implies the max. latitude 
90' 90' 135' 135' and 135', for Mars, Mercury, Jupiter, Venus and Saturn, respectwely, to be 
mukipliedby 'sine anomaly of conjunction, and 90', 135', 90', 90', and 135' tobe multiplied by sine 
anomaly of conjunction, no separate node being given, which means that the apogee itself is the 
node for one kind of latitude, and the mean planet itself for the other. But the Ardhardtnka gives 
onlyonesetof maximum latitudes for both, vi Z ., 90', 120', 60', 120', 120Mt g ives the nodes, 20 , 
40°, 70°, 260°, and 1 50° for the f ormer and 20°, nil, 70+ , 260° and 150° for the latter. Gomndawami s 
Bhasya on the Mahabhaskariya, being meagre, does not help us. 

Note 2. By implication, we had better take the arguments of the eq. cent. used in the third step 
for the former, and the anomaly of conj. used and hypotenuse obtained in the fourth step for the 
latter. 

Example: Find the latitude of Mars at 1,20,553 daysjrom epoch. 

In the third step of the earlier example, the sine of the argument of eq. conj. is 42' 24". As it is 
Mars, deducting quarter of itself, the latitude is 3 1' 48", north, as this argument » between and 
180°. In the fourth step, the sine of the argument of conj. is 88' 20". For Mars one fourth is to be 
subtracted. So, the latitude due to this is 66' 15", again north, since the argument is from to 180 . 
Adding, 3 1 ' 48" + 66' 1 5" = 98' 3", north. 

The hypotenuse obtained there, in the fourth step, is 88' 52". 

98' 3" X 120 88' 52" = 132" north, is the true latitude of Mars for the day. 

(As it is, this is far from the latitude obtained from using the later Siddhantas.) 

Note 3. The treatment of Saura is taken up by VM in XVIII. 57-60, where the latitude found here 
is used to correct the mean elongation given in verse 12, for the heliacal setting and nsing. The 
exposition of these verses is given in XVIII. 

Thus ends Chapter Seventeen entitled *Saura-Siddhanta - True 
Planets' in the Pancasiddhantika composed by Yarahamihira 



Col.: 




Chapter Eighteen 



(VASI$THA-) PAULI$A-SIDDHANTA — RISING AND 

SETTING OF PLANETS 

Introductory 

Chapter XVIII of PS (NP's ch. XVII) deals primarily with the star-planets according to the 
Vasistha and Paulisa siddhdntas. The true motion of the planets is traced from one heliacal rising to 
the next. The method of getting the true anomaly of the equation of the centre is similar to that of 
the Moon given by the Vasistha in ch. II and based on the same theory of the rate of motion, forming 
a linear zigzag. Even the same technical term pada is used here. All these are reminiscent of the 
Babylonian astronomy of the Selucid period. The text as available too is not very pure and this too 
has made the interpretation of this chapter difficult for TS. In my paper on 'Some misinterpretations 
and omissions of Thibaut and Sudhakara Dvivedi in thePS of VM' (VIJ., 1 1 (1973) 107-18) I have 
indicated the errors occurring in the said publication. NP have improved upon TS's interpretation 
in some places, but have committed worse mistakes in other places. TS and NP have also failed to 
understand how the equation of the centre has been computed and applied to the equation of con- 
junction of Jupiter and Saturn. Since they had to interpret, in some way or other, the related verses, 
they have altered the verses, in all sorts of ways, to yield what they thought the meaning might be. 
Even in the case of Venus, where computation has been made simpler by neglecting the small 
equation of the centre, they have committed several errors which have been pointed out in the 
exposition of these verses given below. 

^cb^l *i«JM^: *rmf: Wt>Rt ^TT: || ^ || 

^*KVmiMKt5^^TrRT[^]TT: || ^ || 
M otion of Venus 

1. Subtracting 174 from the days from epoch, the quotient got by dividing 
the remainder by 584 are the heliacal risings of Venus. Its motions during the 
periods is T 5° 30' 20" each. 

2. Having gone to 26° of Virgo, i.e. at, 5 r 26°, Venus rises in the west (for the 
first time after epoch). Adding an eleventh of the quotient (given in verse 1) 
to the remaining days, the motions (are to be taken from the Table given in 
verses 3-5). 
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174 days after epoch, Venus rises heHacally in the west. We have 
because 147 will not agree with the longitude of Venus at nsmg gwen as 5 26 . If Venu . « i * ^ 
the sun must be 5' 18T, «o satisfy the 8° given for Venus's hehacal ^ ™^ut «nce at 
enoch the sun is in the neighbourhood of 358°, it can be only near 4 2i> after 147 days , i.e., 
V^s Mter 74 days from epoch, the Sun would be near 169° accordmg to *e 

ii 155-58) Thisgivestheelongationas7°insteadofthereqmred8 . Butthis§ 7f ° 1SCre P a "^^" 
be put to an accumulated error in computing from the '^^^^^^^ 
a w a ,,*e thev have emended kanydmsdn mto kalamsan and omittea tne necessary nsepa 

of the word kaldmsdn which they have brought m. It ,s the same as the 8 men "^ e ^ a bove or 
Venus. NP have interpreted kanydmsdn correctly^But smce they have kept 147 days £^ u £* 
intact they find a serious discrepancy expressed by them on page 124 of Part II However tney 
derive ILction from the fact Ehat the September 1 Oth posmon of ^^^^ 
time of Venus's risine and their longitudes. This at least must have shown them that the rising takes 

have failed to do this necessary one. 

We can infer from the instruction to add an eleventh of the auotient, ^^^!^^ 
takes 583 10/11 days. In this period the sun has moved 1 ^olunon7 5 30 ^^sZel 
rPvnlutions 7 r 5° 30' 20". From this we can infer that the sun takes 365-15-^5 days tor a siaereai 
revo lut ion Lm the methods given for the other planets also we can see that the s.dereal penod 
ofthe« 

the Paulisa also, as in the case of the Moon. 

TS have unnecessarily emended mto ^ and ^^^J^^ 

instead of "with half , have given a motion of 7 5 20 per synoau : penoa. i y 
this would make the sidereal year c. 365-22 days, so wrong. The error of 10 20 in Venus wou 
accumulate by 1° every nine years. 

NP interpret sdrdhdh correctly , but take gunuptaih to mean «with 1/3 degree' and given T 5° 50' 
which wouSd make the sun's sidereal year c. 365-3-0, so very wrong. By thi, the error m Venus 
would accumulate by 1° in every 5 years. 

Next the days for segments of motion in the synodic cycle are given by verses 3-5. 



1. A.B.C.D.gpF^T(B.^T). A.B.^T 
b. B. °W$- A2.^l corrected toW; B.^T 
C. A.-#i^I. CTP^:; D.^OT: 
d. A.^jB.^ 

B1.3.^Rt; B2.M^reH\ C.TO; 

D.^T: 



2a. A.D.^PTT:; B.^RU:;. C.^IĕOT: 
B.^l^ 
b. A1/9TW; A2.^?T 
c. B.^R. C.D.^PT 
d. A.C.^RTSW;. D.clrT^R: 



314 



PANCASIDDHANTIKA 



XVIIL5 



c{eh^dfwfW^wf*r^f ddUM<l*dfad: | 
<^:OTjfeT: W^^^#*fa(<n^) W \\* || 

3^ĕFt MR^M l fc<M<1d*44d^ (^Trq;) | 
M^ivm^^i<lfdfMtc||6LKd) ^^T: || k || 

|| c{fa8fa4»^ W> : II 
Days for segments of motion in the synodic cycle 

3. In three periods of 60 days Venus moves 74°, 73°, 72°, respectively. In 40 
days it moves 32° and in 1 7 days, 5 l A° 

4. From here retrograde motion (begins). In 15 days these are 2°; in 5 days 
the same; i.e., 2°. Then, setting in the west, it rises in the east after ten days. 
Venus is in follow-up retrograde for 20 days, moving 4°. 

5. Then continuing the (direct) motion round, in the order of days and 
motions reversed, Venus sets in the east. Then moving 75° in 60 days, it 
becomes visible in the west. 

The argument to be used in the above table of motionsare the days left over, together with the 
eleventh of the quotient, as mentioned. It can be seen that in my emendations of some of these I 
have done very little violence to the text. I have been guided in these by the actual motion that must 
have been observed, putting it to observational or other error, where the numbers are clear, but 
deviate from the actual. The ratio of Venus's distance from the sun to the earth is c. 0.72 given by 
all Hindu and modern astronomy, and this I have used to computĕ the segments of actual motion 
for comparison. (See Table on next page) 

Another guide is that the days and motions from the superior to the inferior conjunction must 
add up to half of the whole, i.e., 292 days, and 287 3 /4°, since the equation of the centre has been 
dispensed with. 

72° motion for the third 60 days is about 4° in excess. For the next 40 days the motion has to be 
36°, and I could have filled up the lacuna by (khaissat) instead of (khairdva) to get this. But the 
Siddhanta seems to have compensated the earlier 4° excess by the 4° defect here, which of course is 
an error. From this we can see that the emendation of 'dvimsat' into 'trimsat' is necessary lest the 
motion be reduced to 26°, which is too small. 

3a. A.B.C.D.qfg^q 
B.iteTJTJT 

B.iWW<T |fi; B.B^#^i 
c. A1.3Wfe^&?lfd (Al.omf?T); 

B.3TOf8inRvMi (B2.MT) 

C.31*fe^H4M; D.awfe«*H^kfl| 
d. A.B.fi¥k$M«T:TOrok 

C.^q?TifelPT: WK&P$ 

D. t^M[W]T^T: WKI^ I ^ 



4a. B.«*Wdfel(dPT: 
d. B.WtTT^U 

A.lHdHWI; B.PWMWI; 
D.fa# forfo<TF^ 
5. B. versemissing 
5a. C.^^: for*#T<3T 
b. Al..WT<fe; A2.WT^; 
C.«WWKclWU*t 
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TABLE I 

Motion on the synodic circle (computed) 



Superior conjunction 



Retrograde begins 



Retrograde ends 



30days 
Rising West 
60 d. 
60 d. 
60 d. 
27V 2 d. 
12V2d. 
17d. 
6d. 



37V2° 

74 ° 
73 
68V4° 
26V4° 
9V4° 

y o 
V4° 



9d. -2V4° 

5d. -2V2° 
Setting West 

5d. -2V2° 
Inferior conjunction 

5d. -3° 
Rising East 

5d. -2V2° 

9d. -2V4° 



243 d. 258 ° 

Setting East 

30 d. 37 V2° 

Superior conjunction 
Total514d. 575 W 



Next 1 V4° for 23 days is too too small to be correct. Further, the correct total of days and degrees 
clearly given by the numbers will be spoiled by this. So I have given the meaning as 5 V 4 ° in 17 days, 
which fairly agrees with the actuality, by introducing a (vi) for the defect of two mdtrds and emending 
sapdddmsam into sapdddrdhdn. 

Since the motion only 1 5' for the 6 days near the stationary point as seen in the actual, the siddhanta : is 
justined in combining this with the -2° 1 3' for the next 9 days and giving -2° for 1 5 days. But, for the 
next 5 days, the motion is almost -2 W and not -2°, and this is an observational error. For the 5 days 
forming the half period of imdsibility till the inferior conjunction, the actual motion is about -3 but weare 
constrained to make it -2° for agreement with the other numbers, especially when it is left to be under- 
stood, no motion being given by the text. A glance at the comparative table will make everything clear. 

TS have made the serious mistake of thinking that the segments given begin with the 
superior conjunction instead of the rising on the west (vide the scheme given in the Sansknt 
Commentary, p. 98). By the total of 610 days, they have given that the rising takes place 26 
days after superior conjunction, passing 22 V 2 °, which is absurd because it should be 37 V2 in 30 
days i.e. half the time and degrees given for the time from setting to rising. They do not realise that 
this is the period of the quickest motion. Within the scheme they get the 77° for 85 days, by making 
a drastic change in the wording of the text. Further, for 85 days in that part, the motion would be 
more than 91°. Giving 1 V 4 ° for 3 days near the stationary point is wrong since it should be practi- 
cally zero. -4° for 5 days in retrograde is too great. But they have given the same -4° for the 10 
days in the ativakra region where the rate should be the greatest. 

As for NP, they have correctly interpreted that in the three 60-day periods after rising^the 
motions are 74°, 73° and 72°, that from setting in the east and rising in the west there are 75° for 
60 days half before the superior conjunction and half after, and that near the infenor conjunction 
there are 50 days of retrogression and - 12°, half of each fallin g on each side of the pomt as given 
by the text. Adding these we can account for 250 W in 235 days. Since we should get 287% for 
the 292 days from the superior to the inferior conjunction, we have stiU to account for 37 /4 in 57 
days. This we must seek in the second half of verse 3. By some likely emendations we can secure 
this, as I have done. But NP have drastically changed the text as 

arthdstakavimsatyd vimsatyam(sahd)stribhis sa pdddmsam, 
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also sinning against prosody, and given only 28° for the 27Vs> days, aiter the third sixty-day 
period, and 1 V2° for the next 3 days, thus, not accounting for 16° and 30 V2 days. 

ardhds(akavimsatyd cannot mean 27 V2, besides being an un-Sanskritic formation. Further, for the 
27 V2 days in that part of the synodic circle the motion should be more than 26° and for the next 3 
days, more than 2V4° as can be seen by examining the actual. This error of 16° and 30 V2 days is 
doubled for the whole cycle, and the weight of this error of 32° and 61 days has been carried by 
them to the 60-day period of invisibility and drawn the remark on page 121, Part II: "a rather 
implausible conclusion. At any event, the description of the motion of Venus as given in our text 
seems incomplete." The footnote here is uncalled for. 

Jupiter and Saturn 

The computation of Jupiter and Saturn follows next to Venus. This is because their treatment is 
next simple, on account of their small mean motion and equation of conjunction, owing to their 
great distance. Both TS and NP have expressed inability to understand the part of the computation 
where the equation of the centre is obtained and applied, before the application of the eq. of 
conjunction. Still, they have attempted to interpret the concerned verses, changing the wordings, 
drastically, to yield their fancied ideas. In getting the eq. of conj., too, they have made several 
mistakes. 

As in the case of Venus, here too, the true motion is traced from one heliacal rising to the next. 
The method of getting the true anomaly of the eq. cent. is similar to that of the moon given by the 
Vdsistha in chap. II, and based on the same theory of the uniform increase and decrease of the rate 
of motion, forming a linear zigzag. Even the same technical term, pada, is used here. AU these are 
reminiscent of the Babylonian astronomy of the Selucid period, as I have stated above. As between 
Jupiter and Saturn, their treatment is exactly similar, so that explaining one would suffice for both. 
Verses 6-13, deal with Jupiter and 14-23 with Saturn. My main aim here is to state and explain the 
procedure in the computation, a thing not understood by investigators. The verification of the 
epoch constants depend mainly on comparison with other systems and modern astronomy. So this 
will be done separately. 

^Hcli (?t) Rh^chW^^ C^:) | 
T^qcTTtlT(t%^:) Wc^TtlT W1^t?M || ^ || 

Risings of Jupiter 

6. The days of Jupiter from epoch minus 34 days, 34 nddikds divided by 399, 
give the number of risings. The remaining are days (after rising). 

7. Add to these days a ninth of the number of risings. Multipiy the number 
of risings by 36, add 18, and divide by 391. The remainder here arepadas. 

We can conclude the following from these two verses: 
(i). At 34 d. 34 n. from epoch, the first period from rising to rising begins. 
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(ii) The interval between the risings, i.e., the synodic period is 399 - 1/9 = 398 8/9 days. 

(in) 391 paMs make one full ""e^^ 
svnodic period, Tupiter moves 36 padas. One pada = 55' 15' . 36padas - 36 9 . At epochal days ^ a 
^^.li^ude- 16°35').ButNPhavetakenthe ^f™^*g^ 

is wrong The difference of 1° 25' is too small to show itself m their venficat 10 n, Table 32, Part IL 
Lt for g Saturn this pada constant is 89, and for Mars, 85. Takmg these as degrees have resulted m 
big differences which have puzzled them. See part II, page 124. 

<iv) In 391 syn. revolutions there are 391 + 36 = 427 solar sidereal revolutions = 36 jupiter's 
S id revolutions ,. one sid. rev. of Jupiter takes 4332-22-48 days, and one sid. re^of the sun - 365- 
ll32 days. The latter being very near Paulisa's 365-15-30, we conclude that, there too, as m the 
Moon, it is mixed up with the Vasistha's. 

TS and NP give the same interpretation, though making more than ^^^S^" 
their verification, TS use the rough syn. period of 399 days mstead of the correct 398 8/9, making 
the sid. period = 4333-35-0. 

*iH?itTT(si:) ^asr^n^ [^F?fl <rOit)-#fa (^) 
^jssrcr^S^en (^zn<Q ^ (3) s*roT3ift: || c \\ 

8 One after another, mean and true segments are to be arranged. Taking 
their difference, if the true is less than the mean, the difference is to be added 
to the group of Jupiter's days (left over in the synodic cycle as the remainmg 
days). Otherwise, (i.e., if the true is more), the difference is to be subtracted. 
'True' here means 'true as corrected for the eq. of the cent'. How to get these true positions is 
gwen in verses 9-11, and the segments are to be got using these. So, this verse seems to have strayed 
here from after verse 1 1 . The mean positions are to be got by using the remainmg^, extending 
the work done in verse 7. 

Karyau is introduced to make up for the syllables wanting. Saure would mean -pe rtainin § ^ ^ 
Sun or Saturn'. But we are dealing with Jupiter Surih here. Saurya alone would mean, pertaimng 
to Jupiter'. Some mss. have no dvi. 

Computing and arranging the mean and true segments agalnst each other is 
polation to any required day. It will alsb be useful to prepare an ephemende. The example worked 
will make things clear. 

6a ' Al ft ^ A2 -S C -° ^ d A B.*fc. 

b . AAC J*-»*. A.B.* ■ ^ DMm ^ 

c. B2.3.Unindicatedom.of ° d> ~\ 

d. A..^A2.^B.o m .Un,A,^ b. 

^ C £S£T mlSSmg ' - AB.C.D.^ B!.« 

- A.C.D.TS* ^ 
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TS have expressed doubts about their translation, since they have not understood verses 9-11. 
They have retained hi, not supplied the wanting mdtrds, and not noticed the grammatical error in 
Saure. NP have made three drastic emendations, quite unrelated to the lettering of the text, nihitah : , 
mandalah: and tanmadhya-khande, though generally following TS. 



'tarro' (j^n) ^ ^: wraWnrm; 1 1 % \\ 




q(^)7JlM ^n^TTr^ ^HT T^TtS^^ || \o \\ 

Tfor^frsrf: ch^ii: 3ra^^n^ ferf)4i<si^ 0$) | 

^T^ ^(*T/TT)?TT: ^T(^) <*^TT dc^HI \\ W j| 

9. Jupiter being in the diminishing-motion-sector upto 180 padas, there is 
the constant 1456 (to work with, in order to get the eq. cent-corrected-Jupiter). 
Being in the increasing-motion-sector in the next 195 padas (i.e. 181 to 375), 
there is the constant 1 165. 

10. Jupiter being in the diminishing-motion-sector (again) in the next 16 
padas, there is the constant 1486. (After subtracting or adding the padas for 
which we want computation from these numbers, in the respective sectors), 
multiplying them by the padas and dividing by 24, minutes of arc are got, (as 
the eq. cent. corrected total motion in the respective sector) at the rising in the 
east (and also thereafter if wanted). 

11. The total of such motion of Jupiter in the first sector is 5 r 9° 30'. In the 
second sector, it is 6 r 4° 10'. 

Briefly expressed as formulae, the eq. cent. corrected Jupiter is given by: 

i. Upadas are from to 180, (1456 -padas) X padas" -r- 24. 

ii. If padas are in the next increasing sector, i.e. from 181 to 375, (1 165 + padas) X padas' + 24 + 5' 
9° 30', where the padas used are those given in that sector. 



9a. B.T?TT 

b. B. Hapl.om:^ 1 ^ [^I^nT:....^^] 

W(10b) 
A.T%«lcT*T: 
c. A.T#TT; C.D.^ 
d. A.WRfcT 
lOb. B.vkvii 

c. A.B.C.WT^RT; D. M^jjuk) 



B. «% STg^; C. ^S^TT; D. °ct c^T^ 
d. A.B.C.D.^ĕTT:. A.B.1.2.°«Tf^; 
D.°«T£fcT 
llb. A.B2.3.^^: 
c-d. B 1.2.3. missing. 

c. A.^^BR^TpW; C.^sPnN^TRTT:; 

D.^^r^lRII: 
d. A.^T^T^ĕTT; C.WT^; D.^T^ĕTT 
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iii. If the padas are in the next following sector, i.e. 376 to 391, (1486 - padas X padas' h- 24 + 5 r 
9° 30' + 6 r 4° 10', where the padas used are those gone in that sector. 

Though the instructions are laconic, comparison with the Moon's computation makes things 
clear The increasing-motion sector is obviously the 180° from apogee to perigee, where the rate 
of motion is supposed by this siddhanta to increase uniformly from a minimum to a maximum. 1 ne 
apogee is at 180 padas (= 166°) and the perigee at 376 padas(= 345°). The last 16 padas, eonUnued 
by the first 180 padas form the diminishing half circle where the rate of motion 4"™»" 
uniformly from the perigee to the apogee. Differentiating the formula, (constant + pada) pada /24, 
the increase or decrease in the rate of motion is found to be 2724 = 1712 perjtob. There may be 
a small hiatus at the junction, apogee and perigee, owing to the unecjual dmsion of 391 into 19b 
and 195, to avoid hsMpada. But the average of the rates at apogee and pengee, ( 1 165 and 1486 )/ 
24 = 55' 1/4 agrees withthemeanmotionformingone^fl. (Incidentally, thiSjUstifiesouramend- 
ment of vis'ayarasond into yisayarasesdh. There are other justirications also, as we shall show later). 
Further, the first sector being a continuity of the third, the rate during the first^ m the first sec- 
tor must follow next to the rate during the 16th/wfe of the third sector. Since 486 /24 is taken as 
the motion of the Gntpada, the motion of the 16th is (1486-30)/24 = 1456724. This must be the 
commencement of the third sector, and this is what is given. We can also see that the fastest rate, 
(at perigee) is 1486724 = 62', and the slowest, 1 165724 = 48' 1/2, (at apogee), gmng the mean 
value 55 V4,'of thepada, already found. But the rate for the 196th pada, ending which there is the 
anoeee is (1486 - 195 X 2)724 = 1096724. But the minimum motion falhng at apogee is given 
as^ 1 165724 This hiatus*must also be due to the fact that the 2724 increase in the rate per pada is 
only approximate, and the actual is a little less than 2724. But the formulae are so given that the 
total of the first sector is (1456 - 180) 180724 = 5' 9° 30\ as given. ^^^*^ ^^ 
is (1165 + 195) 195724 = 6 r 4° 10'. The total of the third sector is, (1486- 16) lb /^4 - ib . 
These add up to 12 rdsis, exactly, as they should. Incidentally, this justifies my emendation of 
eundmsdh into yugamsah, pdncagunite into padagunite, and giving the meanmg of tryastaka as 5 X 
= 24! The justification* for correcting vidhrtayah into khadhriayah to get 180, and rasond into rasesa 
to get 1 165, are also reinforced by this perfect agreement found here. 

TS and NP also give khadhrtayah:, seeing the reasonfor that. TS emend rasonah into rasena (= 1265), 
which will give the total 6 r 17° 43', far from the correct 6^ 4° 10'. The text ltS elf gives 6 3 10 , one 
degree off TS give 6 rdsis exactly, not knowing the peculiarity of this Siddhdnta. Using cakrardhe 
thus they are left with gundsah dasa ca kulah. This they interpret as 1 3° (wrongly, for it can mean 
Qnlv30 or 103). Emending daJa ca kaldh into paraiakale, they say that this 13 is the total motion ot 
the third sector. They do not realise that the 16 padas of the third sector is near perigee, and the 
total motion must be greater than the mean motion, 1 4° 44' . No.t knowing the nature of the method 
here, they think that the total of the third sector also should be given. It has no use, and Varaharmhira 
has not given it. 

About pancagumte tryastakabhdjite, I have emended panca into pada, to delete the one nOMm 
excess, and to |ve the agreement already seen. tryastaka is 24, as atready said. TS retain the^, 
but emend tryastaka into astaka, making it 5/8, leading nowhere. 

As for NP they generally follow TS's emendations. But, for the divisor 8 they suggest the alter- 
native 83 (Mtaka). Unlike TS, they realise that the three sectors must add upto 1 2 rdits and make 
their own emendation of the last part of verse 1 1 , as dvigundmsd dasa sadald, interpretmg it as 20 
30' NP have given the gist of verse correctly, but making a lot of unnecessary emendations. They 
have wonderedin Part II, why such small units, aspadas, have been taken. This is because, they 
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seem to think, that the three sectors are each taken wholly to get intermediate values by interpola- 
tion. An examination of the totat of each sector would show how wrong it would be. The true eq. 
cent. corrected Jupiter is given for the end of any pada we want. We are expected to use these to get 
the true motion through any segmentation of the total padas, for correct interpolation, and the 
ends of the segments may fall anywhere, hom pada to pada 390. Therefore the small podo seg- 
ments are used. I shall work out an example at the end to make everything clear. 

I shall explain the rationale of the instruction in verse 8, of adding or subtracting the difference. 
The eq. cent-corrected Jupiter is subtracted from the Sun to get the anomaly of conjunction. So, 
a positive eq. cent. means less anomaly of conjunction. The days left over represent the anomaly 
of conj. with the 399 days of the synodic period, corresponding to 360° of anomaly. So the day is 
taken as roughly equal to the degree of anomaly, and th e difference in degree subtracted. Vice versa 
for the eq. cent. corrected Jupiter, it being less then the mean. Varahamihira is too astute to confuse 
day and degree, as NP think. (In verses 64-81 too, there is no confusion in the author's mind, as NP 
seem to think. There he has deliberately chosen the time taken by the Sun to move one degree as 
the unit of time, and call it 'day', for convenience. This is patent on the face of the synodic periods 
given, though TS have not even seen it, and are perplexed. We have reason to think that verses 64- 
81 are by somebody else). 

W I B>H 3*1 *tf«IPIHj T^grT: || W II 
3^(aft)S?ftafotf(t I^^tf(7T)?ft^^SSTfe | 
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12. By 60 days, (Jupiter moves) 12°, by 40 days 4° and by 24 days 2°. Becom- 
ing retrograde, by 56 days he moves 6° (i.e. -6°) and by 60 days, 6° (i.e. -6°). 

13. Following after retrograde, he moves 12° in 80 days, and 9° in 48 days. 
Then setting, staying so for a month plus one day, he clearly rises moving 6° 
8'. Endsjupiter. 

The Scheme given 

Davs Risingeast 60 40 24 56 60 80 48 Settingwast 31 Risingeast -399 
Degrees 12° 4° 2° -6° -6° 12° 9° 6°8' = 33°8' 



12a. A.B.i^W; C.D.i^IOT 
b. A.B.C.D.^T: 
c. B.WSll^ 
d. A.B.q^Plf:. B.i#^ 

B. combines with the next verse. 



13b. A.B.=l*)¥lM*f (B.*ffK 

b. A.B.1^Tnfa<FT; C.«fTT«fc#T; D.t^^TcPT 
D.^T [XI cffiT 

c. B.t^rr. D.ibm [sj]*terarcr 

d. A.B.^il^lS!H< (B.cTR) 

T[RT (B.HTCWt); C.^<4hWH>Hl£; 
D. ^^-41 
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These values agree well with actualities, considering that whole days and whole degrees are 
given, excepting the last 6° 8', given to complete the value for the synodic cycle. 6° 12' would be 
better at that region and for the whole number, 399 days. 56 days for — 6°, and 60 days for the same 
— 6° must be explained by the intention to give whole degrees and segmentation. 

Vargdh is an obvious mistake for bhdgdn, and so corrected. TS have interpreted saptdstakena to 
mean 15, which such an expression never means. It can mean either 56 or 87. They understand 
another 60 days by the word ca used. All this, to make up the wrong scheme used by them, based 
on the mistaken idea that the statement of motions here begins with conjunction and ends with the 
rising in the east after the next conjunction. The following is their scheme: 

DaysConjunction 60 40. 24 15 60 60 80 45 Settingwest 30 Risingeast =414 
Degrees 12° 4° 2° 0° -6° -6° 12° 9° (15°) =42° 

ddindrdhamatena is emended by TS into dhyundrdhasatena but how can this word mean their 45? As 
for the last part, sthitua saiham mdsam, they have taken it to mean 30 days instead of the correct 3 1 
days. Let that be. They have not given any motion for it in their interpretation. It cannot be left to 
be guessed and completed by an ordinary computer. They, who can be expected to know, have 
guessed, quite wrongly, 15° motion for 30 days, not realising that it can be only 6° and a few minutes 
more. For the 414 days from conj. to the rising after the conjunction, the total can only be about, 
33° 9' + 3° = 36° 9', and not the 42° given by them. 

As for NP, they have emended ddindrdhamatena into dindrdhasatena to mean 50 days. Since they 
take 30 days for the setting i.e. one day less, they make the total of days, 400. They give 7° motion 
for the 30 days (which they make even 29 days in the last part). They have changed the wording to 
some ununderstandable form here, dyavantye mdsasya. Further, the 7° is far too much for 30 days. 
But there is no 7° in the text. They have corrected the text saikam into svam, thinking that asvam 
in bhutasankhyd means 7°. 

Incidentally, one other matter may be considered here, viz., the degrees of heliacal rising, for 
Jupiter. During the set-period of 31 days, the sun moves about 30 V2 degrees, and Jupiter, about 
6° 8', and the relative motion is 30 W — 6° 8' — about 24°, from setting to rising. This gives about 
12°, for the heliacal rising of Jupiter, which is fairly accurate, especially for very high latitudes. 
(Classical Hindu astronomy gives 1 1°). Verse XVIII. 58 gives the Vasistha-Paulisa's degrees of 
heliacal rising as 12°„ 14°, 12°, 15°, 8°, 15° from Moon onwards, by candrddindm 
dvddasamanuravitithyastatithisamkhyaih:. 15° for Jupiter given here is too much, and 14° for Mars is 
too low. (Ciassical Hindu astronomy gives 17° for Mars). So, the scribe seems to have made a small 
change in the order, and thecorrect order is "candrddindm dvddasatithimanuraiyastatithisankhyaih:", 
12°, 15°, 14°, 12°, 8°, 15°, with only one change of piace. 

Example: Find the True Jupiter at 2415 days jrom epoch. 

(i) The beginning of the first cycle after rising next to the epoch is 34-34 days later. 
The days after this, required to find the number of cycles gone = 2415 — 34-34 = 2380-26. 
Dividing by 399, cycles gone = 2380 - 26/399 = 5, with 385-26 remainder. 
Adding 5 x 1/9 days, (= 0-33), we have 385-59 days left over after 5 cycles gone. 

(ii) The padas at 5 cycles gone = 18 + 5 X 36 = 198. 
Meanjupiter = 19S padas = 198 X 360°/391 = 6 r 2° 18'. 
True Jupiter:- 

For the 198 padas, 180 padas forming the first sector has gone and 18 padas are left over in the 
second sector. 
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• True Tupiter = 5 r 9°30' + (1165 + 18) 18724 = 5 r 9°30' + 14° 47' = 5 r 24° 17'. 
Eq. cent. = True - Mean = 5 r 4° 17' - 6 r 2° 18' = -8° 1'. 

(iii) The padas at 399 days in the cycle, i.e., the beginning of 6 cycles gone = 198 + 36 = 234 = 
180 + 54. 

Mean Jupiter = 234 X 360 - 391 = 7 r 5° 27'. 

True Jupiter = 5 r 9° 30' + (1 165 + 54) 54724 = 6 r 25° 13' 

True - mean = Eq. cent. = 10° 14'. 

Eq. cent. at day of 6th cycle = -8° 1' 

Eq. cent. at 399 days of 6th cycle = - 8° 1 ' 

Eq. cent. at remaining days (385-59) = 

= (385-59) x -2° 13' - 399 + -8° 1' = -10° 10'. 

(iv) True Jup. is less than Mean Jup. by 10° 10'. .-. days of Anomaly of Conj. = 385-59 + 10-10 
= 396-9. 



(v) True an. of conj. = 




for 60 days 


+ 12° 


for40 days 


+ 4° 


for 24 days 


+ 2° 


for 56 days 


- 6° 


for 60 days 


- 6° 


for80 days 


+ 12° 


for 48 days 


+ 9° 


Total368days 


■ +27° 


for28-9days 


5° 32' 


396-9 


32° 32' 



?|^x 6° 8' = 5° 32' 
3 1 

(vi) True Jup. = Mean Jup. at day of An. of conj. + eq. cent. + true ano. of conj. 
= 6 r 2° 18' - 10° 10' + 32° 32' = 6 r 24°40'. 

Note 1 : The need for interpolating the eq. cent. to the remaining days in the cycle can be seen by 
working for 399 days of the 6th cycle and day of the 7th cycle and comparing. They must be the 
same. 

Note 2: The eq. cent. is computed for day of each cycle, i.e., for intervals of S6padas = 33° 9'. 
Interpolation using these, as we have done, can be only rough. To getbetter interpolations, we can 
divide the 36 padas into desired segments, find the eq. cent. of each, and use. We can form an 
ephemeride, giving the values at the ends of the day segments given, 60, 40, 24, etc. and use for 
interpolation. AU these logically follow from the instructions, though not specifically stated. 

^(5)^^^^^(^^)^n(^) I 
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Motion of Saturn 

As already has been said, the treatment of Saturn is similar to that of Jupiter. So there will be little 
need for fresh explanations. 

14. Regarding Saturn, 1 50-20 days are to be subtracted from the days from 
epoch. These being divided by 378, the remainder are the days from the 
rising gone, the quotient being the number of risings gone. 

15. One tenth of the risings, (i.e., the quotient), in days, is to be subtracted 
from the remainder. The number of risings got is to be multiplied by 9, and 
divided out by 256. The remainder plus 89 padas form (the paaas required for 
using in the computation). (The idea is that 89 is to be added to (quotient x 
9), and then divided by 256, to find the padas for use). 

In (15) I have emended sangundd and rudayat into sangundn and rudaydn to agree with bhajet 
reauiring accusatives; so also NP. But TS have kept them. In NP's emendation dinddydptam, aptam 
does not agree with the word sthitd and, the meaning also is redundant. Both TS and NP have 
emended padaih into pade, thinking that navdsitih is degrees. Even this they doubt, as seen m the trans- 
lation, because as mentioned by them in Part II, page 124, it had led to disagreement. Padaih, as it 
is, clearly, says that the 89 is padas. So is the 18 of Jupiter and the 85 of Mars. 

We understand from the instructions that the synodic revolution of Saturn takes 378710 days, 
that in one synodic revolution Saturn moves 9padas, that 256 padas make nine sidereal revolutions 
of Saturn, that there are 256 + 9 = 265 sidereal revolutions of the sun in 256 synodic penods of 
Saturn, and that at 150-20 days from epoch, Saturn's mean longitude is 89 padas. (NP give in their 
translation, "89°?", as mentioned already. Therefore, one sidereal revolution of Saturn takes 378 / 
10 x 256 + 9 - 10754.84 days. Onesid. revolutionof thesun = 378710 x 256 + 265 = 365-15-32. 

Again, the Sun's sid. period got is Paulisa's. 
One pada = 3607256 = 84' 22".5. The motion in one synodic revolution = 9 X 84 U .5 - 

39' 22".5. 

Mean Saturn at 150-20 days after epoch = 89 x84' 22".5 = 125° 9'. 4. 

'^^fa^MHl (^) * %RT: 'WMIW^W^T:) || | 
$ra?|0#) lg|U l M$*U«W : ?r(^)^: || ^ II 



14a. A.7I54; om. the two letters. 
b. B. u IHM]-$4j4 
c. A.B.'3'i^W: 

d. A.B.D.tm A.B.fcnsra; D.foraM 



15a. A.B.^ira^T. B.^BRT 
b. B.^°. A.B.CJ^n^ 

d. c.D.^^. A.<R5n#^; B.iRranto 
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16. Regarding Saturn, there is an increase (of the rate of motion) for thirty 
padas, from 2416. Then, there is a decrease for 127 padas from 2519. 

17. Next there is an increase for 99 padas from 2037. The amount of decrease 
and increase are by the padas multiplied by 2. The divisor of the total minutes 
is 27, its multiplier being one. 

18. The total of the first sector is l r 15° 5 1' and the total of the middle sector 
is 5 r 27° 34'. 

Note: The multiplication by one is unnecessary, but given to clear thĕ doubt that may arise by the 
instruction to multiply thepadas by two for subtraction and additions coming before. 

The meaning is clear, and no material change has been needed. I shall give what is given in the 
form of formu!ae: 

The total motion upto any pada in the first sector, viz., (1-30) = (2416 + 2 X padas)padas + 27, 
in minutes. 

That in the second sector, viz., (31-157) = (2519 — 2 X padas)padas 27, in minutes. 
That in the third sector, viz., (158-256) = (2037 + 2 X padas) padas + 27, in minutes. 

The total of the whole of first sector given. l r 15° 51' can be verified thus: 
(2416 + 2 X 30) 30 + 27 = 2751' = l r 15° 51' given. 
Thetotalofthewholesecondsector = (2519 - 2 x 127) 127 -s- 27 = 10654' = 5 r 27°34',given. 

Being unnecessary, the total of the third sector is not given. But we can calculate it and use it to 
see if all those add up to 12 rasis, as necessary, and this will verify every instruction given. 

The total of the third sector = (2037 + 2 x 99) x 99' + 27 = 8195' = 4 r 16° 35'. Now, l r 15° 51' 
+ 5 r 27°34' +4 r 16°35' = 12 r . 

Examining the constants, we find that the maximum motion per pada is 2519' + 27 = 93'.3. The 
minimum rate is 2037' + 27 = 75'.4. The mean rate is = 84' .35 as already found, as the mean 
motion equal to the pada. Differentiating as before, the increase or decrease in the rate is 4727. 
Actually it is slightly less than this, the multiplier being slightly less than 2, given. (2037 + 4 X 98) 
= 2416 shows this. The perigee falls at end of 30 padas, i.e., l r 14°, and the apogee, 127 padas later, 
at7 r 13°. 

The instruction how to use the result of these verses has not been given, because it is the same as 
that given in verse 8 for Jupiter. Indeed, the un-emended readingiaure there means, "with reference 
to Saturn". 



16a. B.q^fJT. A.D.W 

c. A.C.D. WfT; BWit 

d. A.B.CD.Wt: 

I7a. A.B.C.D.^WT 

b. A.H<+HeWRd»H B.HeH3dfeim 



c. A.<^; C.D.^ffo 

c-d. C.D. fe(l u lgd*WjJJ|H: 

d. A.B.7TWT: 

18a. B.f?W 

b. A.^SI:; B.W?gl 

c. A.B.C.D.T5TER:. A.B.t^T: 
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As in the case of Jupiter, here too TS and NP have not understood what exactly is given in these 
verses, how it is got by applying the three formulae, how the eq. cent. is got, and why the instruction 
to apply this to the days remaining is given, in the manner said. 

So, their emendations of the readings, done without knowing the subject matter, need not be 
taken seriously. TS have emended the correct dvigunapadaih: into dvigunahrtah, meaning "divided 
by 32", applied to the risings and not to the number got in the formulae. NP have kept the reading, 
but given the translation as, "There is a subtraction or addition of 1 2 degrees and minutes, (i.e., 1 2° 
12')- Multiply by 3 1 and divide (the product) by 32 (or by $2padas). (The result is) Saturn's rising." 
Where is 12° 12' mentioned? They take the 32, not as a number, but as a segment of longitude 
equal to 32 padas, i.e., 45°. Again, how can this give the risings? And the risings have already been 
given in verse 14. AH these show that they do not understand what is said. 

jtowPm i vfl (15) ^wyn 1 * I m II 
^tW^w^n* (3ft)^?n^^fir?T: '^jar^^: | 

WiArn: || 



19. Saturn (moves) 3° in 36 days, 35' in 7 days, 80' in 16 days, and 224' in 56 
days. 

20. Then becoming retrograde, he moves 3° in 55 days, and 4° in 60 days. 
Then, following up direct, he moves 8° in 1 12 days, and setting, he moves 3° 
in 36 days m the set period, (i.e., rises in the east after that). Ends Saturn. 

This is the scheme given 

7 1fi Fifi Rptronrade 55 60 Direct 1 12 Settingwest 36 Risingeast =378 
DaysRisingeast 36 7 16 5b Ketrograae w uu^ =12°39' 

Degrees 3° 35' 1°20'3°44' -3° -4° 8 



19a. A.B.^WT:; CW^. D.^R^IT: 
b. A.B.-#mWJ; C.HWW. D.-«TiaM 
A.B.D.t?T<TfS 



c. 



c. a.b.sit^; c.aiwrH 
d. a.b.c.d. «^i r^jum^; ( A. W^.. 
B1.2.W. B.TTwritten afterW) 



20a. B.i^T 

a-b. C.^KIKW^HNted: 

A.BR5TF!j B.t5FWFJ- Al.fcTfq^fc:; 

B1.3.f^Rfk: 
c. A.Tr^^;Bl."^ I ^(B2.'*^f); 
D.TTrt^ 

d. Ai.2. ,} r^||Bi.2.*5«^*rci J T^|| 
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days are clear, Therefore, the days for the second segment must be 7. So I have emended manu into 
muni. The motion given there, 28', gives the rate 2', too absurd for that position, if the original 14 
days are accepted, and it cannot be that the Siddhdnta does not know the absurdity. Even for the 
emended 7 days, it is too low, being only 4' rate, while the rate on both sides is 5', and also consis- 
tent with facts. Therefore, scaturgund is emended into scesugund. Now, these three segments can be 
combined into 4° 55' for 59 days, without affecting the result. I do not know why the Siddhdnta has 
broken-it into such bits. 

Next, the total for the 378 days must be the mean motion for the period, i.e., 9 padas, equal to 12° 
39'. 4, roughly taken by the Siddhdnta as 12° 39'. Therefore the motion for the tourth segment, 56 
days, must be 224'. So I have emended dniguna into vedayama. 

In the case of Saturn, too, as in the case of Jupiter, TS and NP have thought that the unnecessary 
total motion for the third sector has been given. Finding no wording answering to that, they have 
changed drastically the first half of verse 19, and obliterated the first two segments of days and 
motion. They have emended the half verse into khandentye simhdsamunayo liptdscaturgundssaptd, as 
if they are writing their own book. This means, in the last sector the total is 4 r T 28'. But even this 
does not help to get 12 rdsis, the total coming to only 1 l r 20° 53'. 

With the other half and the next verse, they make up the whole scheme as:- 

days 16 56 55 68 60 105 36 =396 

motion +3° +232' +4° -3° -4° +8° +3° = 15° 

changing asiti into amsagnin\ not giving any word for the motion of 4° in 55 days, but simply 
putting the motion there; trinamsan into astarasaistrin, newly introducing 68 days, and giving it the 
retrograde motion -3°; and arkasatena into arthasatena to mean 105 days. As in the case of Jupiter, 
they trace the motion from conjunction to the rising after the next conjunction, taking 396 days. 
But the total motions must then be, 12° 39' + 1° 30' = 14° 9' and not 15° given. They must know 
that 3°for 16 days, giving the rate 1 1 14' per day is very much wrong, when the rate is only 5' for 
the nearer segment got from the motion 3° for 36 days. 

As for NP, they emended the first half of verse 1 9, asparihindh strikhdmM manubhirliptdscesugunds- 
sapta meaning "Zero degree of Virgo diminished by 14°, plus 35' ", i.e., 4 r 16° 35'. They are here 
better than TS because they have seen that the aim should be to get the total of 1 2 rdsis lor the three 
sectors combined, They have also kept closer to the lettering of the text, though the manner in 
which they have got their total for the third sector is far-fetched. After this, they follow the text 
without changing it. Only at the end they interpret that the motion of 3° for 36 days comes before 
the setting, and leave the period set without any days or motion given. Thus, their scheme is: 

days Rising east 16 Retro- 56 55 60 Direct 1 12 36 Setting ? Rising Total378 
motion 80 grade 232' -3° -4° 8° 3° west ? east Totall2°39' 

To make up the totals, a motion of 3° 27' for 43 days has to be given. But it must be at least 3° 
35'. For the 43 days of the set period, the sun's motion is 42° 20'. Therefore, the degrees of Saturn 
for heliacal rising comes to (42° 20' - 3° 27') + 2 = 19° 26'. This is far greater than the 15° given 
in verse 58, and also in all Siddhdntas. Further, the opposition must occur at the middle of the period 
from rising to setting and also the middle of the retrograde period. The one falls 160 days after 
rising, and the other 130 days after, as great as 30 days off. I am sure NP have noted all these dis- 
crepancies, but have given them as they understood the wording, just to mark time. 
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I shall now give an example, to make the method clear. 
Example: Find true Saturn at 5000 days gonejrom epoch. 
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i. Days 

To be subtracted 



5000 
150-20 



Divided by 



378 4849-40 (12 = f ull cycles gone) 

3 1 3_40 = (Remaining days) 

Days to be deducted — 
12 



1-12 



312-28 (corrected remainder) 



ii. Padas at day of the 13th cycle ? 9 + 1 * X 9 = 197 remainder 



256 

Mean longitude = 197 padas = 9 r 7° 2' 

197 = 30 + 127 + 40 (in the third sector) 
Eq. cent. corrected mean longitude:- 
= T 15° 51' + 5 r 27° 34' + (2037 + 2 x 40) 40' + 27 
= l r 15°51' + 5 r 27°34' + l r 22° 16' = 9 r 5°41' 
Eq.cent. = 9 r 5°41'-9 r 7 2' = -l°21' 

iii. Padas at 378 days gone in the cycle = 197 + 9 = 206 
Mean longitude = 206 pcukis = 9 r 1 9° 4 1' 

206;«*» = 30 + 127 + 49 (in the third ^sector) = 
Eq. cent. corrected mean longitude = l r 15 51 + 5 27 34 + (MAI * 
Ea cent = 9 r 18° 0' - 9 r 19° 41' = -1° 41' 

Interpolatedfordays 312-28, theeq.cent= -1 21 -0 17 --1 -»» . 

iv. Correcting the remaining days 312-28 by this, 3 1 2-28 + 1-38 = 314-6 days, to be used to find 
anomaly of conjunction. 



v. 36days 
7 

16 

56 
55 
60 

Remaining 84-6 



+ 3° 

+ 0°35' Mean Sat. at day 9 r 7° 2 

+ 1°20' Eq. cent - 1° 38 ' 

- +3° 42' An. ofconj. +7° 40' 

- 3° 

- 4° True Saturn = 9 r 13° 4' 

+ 6°r 



314-6 



+ 7° 40' As per Ephemeris: 9 r 11°. 7 (sdyana) 



Mars 
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Mars, on which the equation of conjunction depends, is 780 days, during which there are more 
than two revolutions of the Sun, and one revolution of Mars, so that one full anomalistic period of 
Mars is contained within this period. This, with the large equation of the centre, and the large 
equation of conjunction causes large variations in its motion from sign to sign, and even in the same 
sign, according to the different types of motion governed by the anomaly of conjunction, like, fast, 
slow, retrograde etc. Hence is the need for detailed treatment. 

Further we have reason to think that the various motions given are all empirical, based on long 
observation, synodic period after synodic period. The separation into the equation of the centre, 
and the equation of conjunction is yet to come, it seems, unlike the-cases of Jupiter and Saturn, 
where it is easy, and done. This would explain discrepancies found in the values given. 

Regarding the constants given, some can be verified by mutual comparison, and corrected where 
necessary, when there is a doubt about the reading itself. But some, like the epoch constants, which 
are peculiar to the Siddhdntd itself, cannot be so verified and corrected when there is a doubt. Only 
in such cases, where we can argue that no Siddhdnta is likely to give such wrong values, and when 
these values are so far from the real, that we can make some plausible corrections. 

TS and NP have not understood the nature of the motion of Mars, juu as they have not under- 
stood Jupiter and Saturn. While TS have not even attempted translating some verses, wrongly 
interpreting those attempted, NP have attempted translating all, but many wrongly. I shall point 
out these after my own translation and discussion of the verses, step by step. 

''HHIKHHR^^^TT ^«Rt 5TTf M^M^ j| ^ || 

it^jjuidl fcHU£J: '^Rfepfts(«*ZT) 't^rTT %T^T: | 
'«j[d^fui(di^ifl^) ' f*R^(^I)FTT twt \\W || 

M^ II Vnfr1 xV<\<m t&m: sfr*TyT: | 
< l fymmUM) S(^T) ,^g(rT^)T^T f^f^ il 33 || 

tt &m^hI wT^^TtMsgr wm(?)firWr || w || 

Motion of Mars 

21. Subtracting 256-40-0 days from the days from Epoch, and dividing by 
780, the synodic risings of Mars in the East are got. 

22-23. ( 1 57 plus 4) vinddis, multiplied by the risings got, are to be added to the 
remaining days. Multiply the risings got by 18, and adding 85, divide by 133. 
The remainder, converted into rdsis is Mars at rising. According to the whole 
or portions of rdsis, the true motions are to be taken one after another, and 
pieced together. 
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24. The difference between the mean and true degrees should be added (to 
the remaining days got in 21), if the mean is greater. If the mean is less, the 
difference should be subtracted from the remaining days. This done, I shall 
give the true motions, according to each type of motion: 

We learn from the verses the following: 

256-40-0 days from Epoch, Mars rises in the East, after which the counting of rismgs begin. 

. One synodic revolution takes 780 days - 161 vinadis, (i.e. 779-57-19 days). The addition of 
vinadis multiplied by revolutions, is for taking the synodic period as 780 days approximately. 
Forthisperiodof779-57-19days,wegetl + 18/133siderealrevolutionof Mars,and2 +J8/133 
sidereal revolutions of the Sun. So, in one synodic period, Mars moves 408° 43 '.3 
In 133 syn periods = 1,03,734-3-7 days, there are 151 sid. rev. of Mars, and 284 sid. rev. of the 

' Sur. From this, the Sun's sid. period got is 365-15-38 days and Mars's 686-58-50 days. The Sun's 
period is 38 vinadis more than that given for it by the Vdsistha, and near the 365-15-30 of the 
Paulisa. Therefore, like the Moon, Venus, Jupiter and Saturn, Mars also is common toPauhsa. 

i. At the first rising when calculation commences, mean Mars = 85/133 rev. = T 20° 4'.5 

i The addition or subtraction of the difference from the remaining days has been already 
explained with reference to Jupiter and Saturn. But, here, no method is given to find the equa- 
tion of the centre. Now the true motion is affected by both the eq. of the centre and eq. of con- 
junction. The segments of motion given in verses 25-26, below, are as affected by the eq. of con- 
junction alone. By making the days given for true motion in verses 27-35 conform to the seg- 
ments, we can get the degrees, and through that the days affected by the eq. centre alone. This 
can be of use only f6r the remainder of days. But the eq. of centre at the beginning of each cycle 
is necessary. It has not been given by any rule. Since its period is about 687 days and it has its 
own rise and fall of about 1 1° from perigee to apogee and back, it cannot be associated with the 
synodic period of 780 days. So this is an omission. 

I have corrected the corrupt tdstrayamridubhih into tdms tryagnindubhih to mean 133. This is 
lecessary for agreement with the actuals, and the effect of my emendation is seen in my discussion 
3) above. TS have made it bdnendubhih. How can bana, with such different lettering, come m here? 
Further, this will give 18/15 rev. = 432° as the mean motion of Mars in one syn. period, about 23° 
wrong per period. They have made pancdsiti krtvd into pancdmsonam krtvd and thus shut out the 
position constant of Mars on the first day where reckoning begins, viz. the point of time 256-40-0 
days from epoch. (It will be remembered that in the cases of Moon, Venus, Jupiter and Saturn also, 
they have made this mistake). By this emendation they reduce the motion by 86° 24', and make the 

21a. C.D.^F1^ b. C.D.-s«T; 

A.B.^*^W^(B3.^). D.#WI^ K.wm:. A.B.sPT?! 

b. B.*3 c. A.B.WT^* ^ 

d> B .3H^ d. A.B.C.^TI^R ; D.^fen^K° 

22b. A.-^nt^Rn; B.^lt^n: B.^Ttgj D.^T[T^] f^ 

c. A.B.^n^(B.^)^;C.D.°TTj^ 2 4a. A.B.tWr 

«nnt^T b. A.°?P3f8^ B.C.D.?T^f^: 

d. A2.mA.BM#M:; c. A.B.C.D.^^T: 

C.D.t^lS^SW^ d. A.-nf^T«TM^Tt«T ; B. 'itnoi^Mi^KHr^T ; 
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mean motion of Mars 345° 36' per syn. period of 780 days! They have also wrongly eraended 
pratirdsy a to pratirdsyam. 

As for NP, they have made the correct emendation tryagnindubhih, giving correctly 151 revolu- 
tions of mean Mars in 133 syn. periods, and identified it with that given by the Babylonian 
astronomy of the Selucid period. 

But NP have not seen that pancdsitim meaning 85, is correct as it is, and give the constant T 20° 
4' .5 at 256-40-0 days from epoch (see item 5 of discussion). They think it is the constant in degrees, 
though no word meaning degrees is found here. (This kind of mistake they have made in the case 
of Jupiter and Saturn also, as we have shown). But 85° would not do, so they have substituted 
satrirdsim for pratirdsya and made it 1 75°. But even this would not do, and therefore they have 
changed the days from Epoch itself into 21 6-40-0, by emending^Aam vayamdn into satkaikayamdn. 
But this has led to other troubles, leading to their remark, "For Mars this would mean a longitude 
of 175° (instead of 194* derived on the basis of a in table 32). Tbis longitude would correspond to 
September 27, and a solar position at 186°, hence to an elongation of 1 1°" (p.124, Part II). 1 1° for 
the first visibility of Mars is given by nobody. It is in the range of 14° to 17°. 



Wtttm <¥I&4J(<T) ftlymd^(idlwid) oMdl^ fwT: 
^ J|(dts||<l<(q)^^m: [| ^ || 



25-26. After rising in the East, Mars moves 146° (in quick motion) and then 
18° each of (slow motion), retrograde and "follow up after" retrograde 
(anuvakra), and after that 150° of quick (sighra) motion. Then setting, it 
reaches conjunction (niramsagatah) in 60 days moving 13 plus 30 (= 43) 
degrees. Then it rises, (moving the same degree in the same number of days). 
Beginning from here, I shall mention the series of motions with their days. 



The scheme is 



Rises East 



Moves 146° 
18° 
-18° 



I 

II 

III & IV 



type of motion 



(sighmgati) 
(Mandagati) 
(Vakamgati) 
(Ativakragati) 
(Anuvakragati) 
(Sighragati) 



18° 
150° 



V 
VI 



Sets in the West 



43° VII in 60 days 

Conjunction 
43° VIII in 60 days 



(Atisighragati) 



Rises in the East 



Total 400° 
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The numbers I have given in the scheme are practically what are found in the text, without 
emendation excepting three. In verse 25, 1 have emended captasteka into caWdryeka to get 146 the 
most plausible value. NP have made it sastdstaika to get 1 86° which is too large. See discussion below, 
1 50° is eiven by adhyardham ca satam where tatah is emended into saiam. This is necessary to make up the 
total 410° motion in 780 days. Secondly, 43° motion for 60 days given from setting to conjunctton 
is reauired to agree with the 17° usually given for heliacal rising. This is made up by emending 
«riTnto tZsatam with the 13° given by ****** added^I shall now show that the mo «on 
ofMars is near 43° in 60 days, in the region of the conjunction. For its distance, nearly 1.53 that ot 
the Sun, given by modern astronomy and also as computed from Hindu astronomy, the equa tton 
of conjunction at this region is 1 1 ' per day, (as can be verified) which i pte the daily m« 
of 3 1 » 4 eives 42'.4 per day, making 42°.4 in 60 days, roughly 43°. This also agrees with the angle 
for heliacal rising of Mars, nearly 1 7°, given by Hindu astronomy. (In 60 days the Sun moves 59 1. 
So, the elongation is 59.1 - 42.4 = 16.7°, nearly 17°). If vzmsatim is taken as it is, we get 20 + 13 
= 33°, which is 9.4° short of the actual 42 .4 and which also gives the angle for heliacal nsing as great 
as 26°, so far from the 1 4°- 1 7° given by all. 

In the mean, the motion from setting to conjunction must be equal to the motion from conj. to 
rising. That is why it is not given by the text separately. That the motion segments gxven m the two 
verses is mean is also clear, since no position of Mars from its apogee is taken m ]° ^ 
total motion must be equal to 409°. But the total got by adding the segments is 400 ^h^s mus be 
due to the defective method of the original or the empincal nature of the motions, and roundmg 
off to whole degrees, as seen from 43° being given for 42.4°. The opposition must fall at the mid- 
point of the retfograde motion, - 18°, and divide it into -9, -9. The total motion fron iconj. to 
opposition must be equal to that from opposition to conj. But what we actua ly get is 43 + 146 + 
!8° - 9° = 198° and -9° + 18° + 150° + 43° = 202°. It may be that the angle segments given are 
empirical and also there are errors in the apparently correct numbers giving the segments needmg 
emendation. It is only in the case of Mai s, does VM give these eight types of motion. In II 2-13 
Tthe Later Surya Siddhdnta, a set of 8 types of motion is g iven. But they cannot be ecmated to these 
each to each. So we have only to guess when in doubL The days on the s y no % C f ^ 
type of motion must be nearly equal to the average of the days given m verses 27-35 for that type 
of motion. This has been used to check the degrees of each type. But the synodic penod, as also the 
mean motion of 1 + 18/133 revolution in that period are very nearly correct and they must have 
been got by analysis of the observed motions. So the Siddhdnta must have known that the motions 
and times are half and half on both sides of the opposition. 

Beginning from rising type I is sighra (quick) motion. II is manda (slow) motion. The distinction 
seemf to be faster or slower than the mean motion. So, the dividing point must be where the an- 
gent from the earth touches the synodic circle. Since the mean distance of Mars is 1 53 times that 
of earth from Sun, this point falls about 189.5° from conjunction. Subtracting 43.5 motion from 

d. A.B.C.l(B.W) HI<4fiiWdUdfac1:; 
25a A.^<^°; B.^^W°; D.ft^<lftsafty 

' D .1*flfe C. ^ 26a " A - B - C -IE125^ 

b AB.o^W^;C.°WPWT^; b. A.B C.l^tM » (B.EMRr) 

c ABC^^.D.^#<N d - A.B.Cl(B.W)H)#Wdl«rH<1:; 
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conjunction to rising (given as type VIII), 146° is left for type I. This segment extends upto the 
point where retrogression begins. As the planet is stationary, here a small error of observation can 
make this lesser or greater than the actuals. The text seems to give it as 18°. Types III and IV form 
the retrograde motion. III is calied vakra (retrograde) and Watwakra (faster retrograde) The text 
is defect 1V e here, and we cannot fix the exact extent of the two segments separately. But III and IV 
seem to be divided in the ratio 5:7 of the total. V is anuvakra (follow up after vakra). In the detailed 
motions given this is the sum of III and IV but direct motion. This anuvakra must be the counter- 
part ot II. Type VI is sighra and so the counterpart of I. Its extent is given as 150° Type VII is the 
very quick motion from setting to conjunction and given as 43° in 6Qdays. Type VIII is the counter- 
part of VII from conjunction to rising. These divisions are mostly based on convention But as these 
are given only in the case of Mars and classical astronomy does not give them, we have only to euess 
regarding them. To add to the difficulty the text is corrupt in the places giving the numbers 

TS have expressed inability to understand verse 25. Still, they have made some emendations 
which do not give any cogent meaning. No translation is given. There is only a question mark. In 
verse 26, they give 20 motion from conjunction to rising. This can g ive only 26 days, as against the 
60 days g iven by the text. By this the elon g ation for heliacal risin g would be 7 V 2 °, so absurdly low. 

As for NP, in both verses, they have needlessly emended correct forms, wrongly emended the 
corrupt ones, some m faulty Sanskrit and g iven an untenable scheme. The following is their 

n ™ 1Smg . ( 186 ° m ° tion ' 18 ° retro g rade ™*ion / 180° motion / setting / 30° motion / 
Conj. / 30 motion / nsing east. They have made the emendations and substitutions with their eye 
on the total motion of 409° in the synodic period. They make the total 408°, nearly correct But they 
do not identify the vestiges of the different types of motion found in these verses. Further 30° 
motion from settmg to conj. and then from conj . to rising, is short by 1 2 Vfe° from the actual 42 W The 
time required to move 30° is 42.2 days and the Sun would move 41.5° during this time, giving an 
elongation of 1 15° for heliacal rising, far short of the actual, especially for such high latitudes as 
tne Yasistha-Paulisa envisages. 
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In the I type motion, there are 40 + 1 (= 41), 40 + 7 (= 47) 40 + 7 (= 
47), 40 + 8 (= 48), 40 + 2 (= 42), 40 - 2 (= 38), days per motion of 30° each 
respectively in each month of the diad of rasis beginning from Mina (i e 
Pisces). ' 

The above means, that for 30° of motion, the time taken is 41 days in the rasis Mina (Pisces) and 
Mesa (Anes), 47 days in Rsabha (Taurus) and Mithuna (Gemini), 47 days in Kataka (Cancer) and 
Simha (Leo), 48 days m Kanya (Virgo) and Tula (Libra), 42 days in Vrscika (Seorpio) and Dhanus 
(Saggittanus) and 38 days in Makara (Capricorn) and Kumbha (Aquarius). 

^ „ c. A.B.3Wificffl 

27a-b. A.B^*ftR(B.3)TO(B.om.«l)» C.D.WPl*^^ (D ^R) 

D.^^^t^ITOl^D.^^Wll^^Rt d. DWT 
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An examination of the rate shows that the perigee is situated at the end of the Makara (Capricorn) 
and the apogee at the end of Kataka (Cancer), which both fairly agree with the actual. 

TS say that they do not understand this verse, and no translation is given; its i place being taken 
by a cuestion mark. NP translate thus: "In the first gati 240 plus 28 minus V 2 (= 267 V 2 ) (days). One 
shouW calculate days for every two signs from Pisces." It is clear that they do not see that this i verse 
5^de*ilrd rL of motion of the Type I g aU in the diads of rasis ftom « 
the eauation of the centre. They think that the first motion given m verse 25, which 1 86 accordmg 
to them, takes 267 V 2 days, as g iven by them here. If so, what use is the instruction to calculate for 
"every two signs from Pisces"? 

28 The II type motion, in the same order, (i.e. for each month of the diads, 
Pisces-Aries, etc.) for the 18° take 5 X 10 + 7, 6 X 10 + 1, 7 X 10 + 2, 6 X 10 
+ 6, 6 x 10 + 1, and 5 X 10 + 1 days. 

This gives 57 days each to move in the signs Pisces-Aries, 6 1 days for each of Taurus-Gemini, 
75^s for each of Cancer-Leo, 66 days for each of Virgo-Libra, 61 days for each of Scorpio-Sagit- 
tarius! and 5 1 days for each of Capricorn-A q uarius. From the days given, it car > be • that there 
is a slight tilt in the apogee towards Leo, and in the pengee towards Aquanus. This small difference 
from the findings in verse 27 shows that the values are empincal. 

As for the readings, rasa has been inserted because we want six numbers for the six diads, and one 
is wantin* Symmetry reauires that it must be rasa (= 6) there. Also two mdtras are wantmg sa P ta i 
c^cndelil rasa olause, 76 for Virgo-Libra, with 72 on one side, and 61 on the other side, will 
take the apogee to the end of Virgo, 60° off from its place. 

The average for II type motion is 1 8° for 8 1 days which is about the average of the mean rate and 
(stationary). Thus I type motion is faster than the mean, and the II type slower, as we have sur- 
mised. 

TS have expressed inability to interpret this verse also, and not translated it Yet they have made 
an emendation which need not be taken seriously, since it has been done without understandmg. 

NP have interpreted the verse as giving 57, 71, 72, 66, 61 and 51 by insertingi^ as the fourth. 
But symmetry shows that the second number 7 1 is wrong, and it must be 6 1 , to avoid the jump from 
57 to 72 At any rate, readwith their interpretation of verse 27, we can see that they do not under- 
stand the use of this series of numbers. They do not even say these are days. 
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29. In the signs, Pisces, Scorpio, Aries and Sagittarius, Mars moves 7° in 42 
days when retrograde (vakra) and 9° in 42 days when extra-retrograde 
(ativakra). In the follow-up after retrograde (anuvakra) Mars moves 16° in 60 
days. 

30. In the signs Taurus, Gemini, Libra and Virgo, Mars moves 7° in 43 days 
retrograde, 10° in 43 days extra-retrograde, and 17° in 63 days in the follow- 
up after retrograde. 

31. In Cancer and Leo, Mars moves 7° in 44 days, 1 1° in 46 days, and 18° in 
66 days, respectively, in the three types retrograde etc. 

32. In Capricorn and Aquarius, Mars moves 6° in 37 days, 9° in 39 days, and 
15° in 57 days, respectively, in the three types of motion. 



29a. B.^. A^T; B.^qT% 
b. A.B.^5C.D.^.B.W^R 
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Types III, IV and V, called, respectively, retrograde (vakra), extra-retrograde (ativakra) and 
follow-up after retrograde (anuvakra) are given in these verses. The first two are actual retrograde 
motion, and the third is the slow direct motion following. They are shown hereunder in a tabular 
form. 



Signs 


Pis-Ari 


Tau-Gem 


Can-Leo 


Vir-Lib 


Scor-Sag 


Cap-Aq 


Typelll 


-7742d 


-7743d 


-7744d 


-7743d 


-7742d 


-6737d 


TypeIV 


-9742 d 


- 10743 d 


~U°l46d 


- 10743 d 


-9742d 


-9739d 


Type V 


+ 16760d 


+ 17763d 


+ 18766d 


+ I7763d 


+ 16760d 


+ 15757d 



The division into the three types is arbitrary, based on some convention. By examining the table 
we can see two things note-worthy. The total of arcs of III and IV is equal to V, though V is positive. 
The days for III and IV are the same\ except for Cancer-Leo, and Capri-Aquarius. There is sym- 
metry on both sides of these sets. Guided by the above, I have emended certain numbers which 
glaringly go against these points. In verse 29, nava for vakra is corrected into naga since it must be 
less than the 9° given for atwakra, and both equal to 16°, clearly given for anuvakra. In verse 30, the 
corrupt stara is changed into svara to make up the total 1 7°. The corrupt nuvdsanaih is amended into 
agnisdgaraih, guided by symmetry. Khakrteh is emended into trikrteh since the number should be 
greater than 42, by symmetry. In ver. 31 the corrupt sapta khdrnavaiica divasdn: is corrected into 
rasdrnavaih sivan amsan because 11° required to make up the total 18° for anuvakra. sapta is a repe- 
tition, khdrnavaiica divasan = 40 days, does not fit, since the maximum number of days is required 
there, and 46 iits eminently. In verse 32, yama is corrected into naga since yamadahanaih (— 32) is 
too short a period, and far from the 42 days on both sides, and the number should also be a little 
less than 39. reva ca, corrupt, is emended into nava ca, which will make up the total 1 5° oianuvakra. 

arf?ra%^i^T «HMqjfrMHfcfl¥W[ fl 33 II 

As for verse 33, the words in it are all perfect, without any corruption. But they do not make any 
sense. It seems that some rules are given here for the division into the three types with their days, 
and the proportion is roughly 5:7: 12, of the degrees of all three combined. At any rate, this instruc- 
tion does not seem to serve any purpose. 

Atwakra represents the faster retrograde motion near oppositionp/tw the slower vakra motion on 
the other side. That is why it is greater and faster. But why exactly the same number of days? This 
seems to be a convention. But this is against logic. For, only in Cancer-Leo, and Capricorn- 
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Aquarius, there is a small excess of days for ativakra , but even this is far too small. The sum of vakra 
and atiuakra is 18° and a maximum at Cancer-Leo, and minimum 15°, at Capricorn-Aquarius, and 
fairly eveniy distributed in between. But actually, at Capricorn-Aquarius, the sum is near 9°, as a 
comparison with the motion of Mars given in the Vdkyakarana will show (vide App. III, Kujavakra, 
where retrograde occurs in the signs Capricorn-Aquarius). 

TS have translated verses 29-32, omitting verse 33 as obscure. But they think that ali three types 
are retrograde motion, (while actually only III and IV are retrograde, and V is direct motion). This 
wouid make the range of the retrograde motion from 36° in Cancer-Leo to 30° in Capricorn- 
Aquarius, while the range given is 18° to 15°, actually the latter is even as small as 9°. Also, they do 
not see that the IV type should be greater than the III. So they give the numbers as they got from 
the words, instead of emending them appropriately. So, in verse 29, navabhdgam as emended by 
them should be navabhdgdn. nagdn vakrl should be navdtivakri. In verse 30, their emendation 
abdhisamudraih should be agnisdgaraih Khakrtaih should be trikrtaih. In verse 3 1 , their khdrnaVair 
divasaihgi\'mg no degrees at all for the days, and defectivĕ in mdtrds should have been emended into 
rasdrnavaih sivdnamsan. In verse 32, symmetry requires our emendation of yamadahanaih into 
nagadahanaih, while TS have kept it. 

As for NP, they have understood that type III gives retrograde and type IV, extreme retrograde, 
though the numbers they give for degrees anB days are untenable in many cases. Seeing that the 
degrees of V are the sums of those of III and IV, they think that V is the total of the retrograde 
motions, while actually V is direct motion. They do not see that if the degrees of Y are the total of 
III and IV, the days too must be the sum of the days, and therefore V is not the total retrograde. 
They have translated verse 33, but this does not give any sense. 

mHiBchifci ^ ^wi^*»^^ :' || 3* II 

34. In the quick motion following sighragati (= type VI), there are the days, 
40+ 1,40 + 5,40 + 8,40+ 11,40+ 14,40+ 14,40+ 11,40 + 9,40 + 5, 
40 — 1, 40 — 4 and 40 — 4 for every 30 degrees. 

Obviously, these days are given for each one of the signs beginning from Pisces. The numbers 
are almost perfectly symmetrical on both sides of the inter-section of Cancer-Leo, and Capricorn- 
Aquarius, re-inforcing the conclusion that the former intersection in apogee, and the latter 
perigee. 

manu for Leo is a glaring omission and is inserted. Symmetry requires 45 for Scorpio, and so paksa 
is emended into panca. The nuniber-words forming a 'dvandva' compound, trivargam is wrong for 
trivarga, and so has been emended. — tu is removed being an extra mdtrd and purposeless. This verse 
is of the same kind as verses 27, 28 combined, giving types I and II. 

TS have not understood what is given here, and its purpose, as they have not understood the 
corresporiding verses 27-28. But they have translated this verse as the words go, and wrongly too, 
the numbers given by them forming a mere jumble, without any instruction, 2 + 1,2 + 5,2 + 8, 2 
+ 14, 2 + 1 1, 2 + 9, 40 — 1, 40 — 4, 40 — 4. No wonder, they append this with a question mark. 

34a. A.B.C.D.Haplom.ofone^ A.B.C.^^^J; D.W^* 

b. A.B.C.D.«?5ll5f5r(B.om^)^(B2.^) c. D.W t# 
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NP have emended the already correct partcdstakam, meaning 40, into pancasastim which they thmk 
would mean 5 X 60 = 300 . pancasastim would mean only 65. To mean 5 + 60, the form should be 
parkasastayah (nominative) or pancasastih (accusative). The trouble is that they have not understood 
that the days given are for every 30°, everywhere except in types III, IV and V. That is why they 
make such un-authorised corrections and give wrong translations. 



m<Ew^ (w) ( < ^Hl^ch l ^ )B^cl%^l^: , | 

35 In the VII type, (i.e. atisighra), for every 30° of the diads Pisces-Aries, 
Taurus-Gemini, etc. there are the days, 36 + 3, 36 + 9, 36 + 12, 36 + 9, 36 + 
3, 36 + 0. The motion as given for the VII type is for the VIII type too. 

Here too the symmetry on both sides of the apogee, and perigee is necessary, and the corrupt 
dvikalahvarka is corrected into hyanaldhkdrka, corresponding to trwargaguna. This forms the motion 
from setting to conjunction. As the VIII type, forming the motion from conjunction to nsing is 
exactly the counterpart of the VII in the synodic cycle, it ioIIows that type VIII is the same. 

TS have emended dvikalahvdrkd into dvyanaldnkdrka, resulting in 7 quantities of days, while only 
6 are wanted for the diads of signs. NP, here too, as in verse 34, have made an unauthonsed correc- 
tion under the same mis-apprehension. They have substituted sadbhis ca for the correct sat-tnmsat. 
They do not see the contradiction this leads to. From setting to conj. or from conj. to nsing the 
days they give are not less than 60, 66, on the average. For this, the average motion wouldbe about 
46° in this region of the synodic cycle. But they have interpreted that it is 30°, in verse 26. They have 
not seen the contradiction. 

As I have done for Jupiter and Saturn, here too, I shall work out an example, to make my expla- 
nations clear. 

Beiore closing, I wish to say something about Mercury. The case of Mercury is as involved as that 
of Mars, but in a different way. In one sidereal year Mercury traverses three full synodic cycles and 
more But it moves in the zodiacal circle together with the Sun in the mean and its equation o the 
centre depends on its position in the 12 signs. So the motion"types vary from synodtc cycle to 
synodic cycle in the same year, needing a large number of day-groups, and these are given by VM. 
But it is these numbers that are spoiled by scribes most and the reconstruction is a tedious job. ( I he 
methods, though sometimes peculiar, can be guessed and explained). I have neither the leisure nor 
the equanimity of mind to undertake this work at present, and hope someone else would do it. 



35a. A.B.tidR^IW^I; 
D. rqfgfa£] WgR 
b. A.B.fe (B.^)WfI (B.fT)-^f; 
C. ^JHd^ewi; D. ^llHcit^wi 



A.B.W^: 
d. A.^^; B.^Rr^(B2.^) 
A.^J^^I 
C.D. 
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Example: Find true Mars at 800 days jrom Epoch. 

Days from Epoch 800 - 0-0 

Subtract days at first rising 256 — 40 — 

543 - 20 - 
543-20 



No. of revolutions gone 7qq 



= 



Remainder 543 - 20-0 

Correction for revolutions gone . 0—0 — 

Days after rising 543 — 20 — 

Mars at rising = 18 X ^ + 85 revolutions = 230°, i.e. 20° in Scorpio. 

Starting from this point, i.e. 20° in Scorpio at rising, true Mars moves in 543-20 days, as per the 
scheme given in verses 24-35, to 29° 47' in Cancer as per details given below: 

Type 1: 146° Total days = 543-20 

Balance 10°inScorpio 14days X 42) 

30°mSagittarius 42 " 

30°inCapricorn 38 " 

30° in Aquarius 38 



30°inPisces 41 

\30 



16°inAries 21+52 (i£ x 41) 



Total 194^ + 52 



II: 18° 



Balance No. of days 348.28 



14°inAries 44-20 (-J£x57) 



4°inTaurus 13-33 4x61) 



18 
18 



57-53 



BalanceNo.ofdays 290-35 

III: 7° (Retrograde) 

-4inTaurus 24-34 (^- x 43) 

-3inAries 18-00 (^-x42) 



42-34 



Balance No. of days 



248-1 
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IV: 9° (Fast Retrograde) 

-9inAries 42-00 

Balance No. of days 206- 1 

V:16° 12°inAries 45-00 ( j| X 60) 

4°inTaurus 14-49 (y^ X 63) 

59-49 



26 

VI: 85° 47' 26°inTaurus 41-36 (^ X 48) 

30°inGemini 51-00 

F>S-3fi 

29° 47' in Cancer 53-36 ( x 30 ) 



146-12 



Therefore, True motion in 543-20 days from 20° to 29° 47' Cancer = 249° 47 
Mean motion in 543-20 days: 408 - 43 X 543 1/3 /780 = 284° 42' 

Therefore days to be added = 34-55 

True motion for 34-55 to be added 

In Cancer 0-13' for 0-23, and for the balance 34-32 days, 
34-32 

InLeo30 X = 19° 11' 

54 

Therefore True Mars: 19° 1 1' in Leo. 
Motion of Mercury 1 

As in the case of other planets, the epoch date is so selected that Mercury rises heliacally in the 
west on that date. Since, for Mercury, the elongation required for heliacal rising is given as twelve 
degrees, on the epoch day its longitude is 12 degrees ahead of the Sun. Then, the number of days 
elapsed from the epoch is obtained and divided by the sidereal period of Mercury, so that the 
resulting quotient represents the number of risings that had taken place since the epoch, and the 
remainder the number of days elapsed in the current sidereal cycle. 

The movement of Mercury in one synodic period being known, (given by the text), the total 
longitude moved during the elapsed number of risings is also known and adding to this the epoch 
constant, that is, the position of Mercury on the epoch day, its longitude on the day of the current 
rising is obtained. However, these figures are on the assumption that the motion of Mercury is 
uniform, which is not the case. So, what we have got is only the mean position of Mercury and not 
its true position. Here, as also in the text, 'mean position' does not mean the mean heliocentnc 
position as we now understand, but the mean geocentric position on the assumption of uniform 
motion. The true position varies from the mean by quite a few degrees. The date of rising also is 

only a mean date and the true date may be seyeral dates behind or ahead. 

1. Mercury : Translation and Notes by S. Hariharan, Bangalore. 



340 



pancasiddhAntikA 



XVIII. 37 



The text then gives a table from which for a given mean longitude the true position on the true date can 
be obtained. Since the Sun's position has to be 1 2 degrees behind the true position of Mercury, the 
same correction applied to Mercury has to be applied to the Sun. That means, keeping in mind that 
the Sun moves one degree in one day approximately, the true date is ahead of the mean date by as 
many days as the number of degrees in the correction, if the correction is positive, and vice versa. 
Consequently, the number of days elapsed since the (true) rising is also modified by the same 
number of days, reduced, if the correction is positive, and vice versa. 

Having got the true Mercury as on the true date of rising and the number of days elapsed since 
rising, we have now to get the degrees moved by Mercury duririg these remaining days in the 
synodic cycle. For this purpose the synodic period is divided into several sections just as in the case 
of other planets. In the case of Mercury the division is made into four sections orgati-s. Tbe first is 
from rising to starting of retrogression, the second is the period of retrogression, the third is from 
end of retrogression or amwakra to setting, while the fourth is from setting in the east to rising in 
the west. The number of days for each section and the movement are not constant but vary 
depending upon the position of Mercury in the zodiac. Accordingly, tables giving these values for 
each of the twelve signs are given in the text. With the help of these tables we can trace the move- 
ment of Mercury during the remaining days and finally arrive at its position. 

What is new in the case of Mercury is the method of interpolation within these tables. For other 
planets no specific method of interpolation is suggested, with the result we assume linear interpo- 
lation. But here a second degree interpolation is suggested for certain sections. 

TS and NP do not appear to have understood the procedure nor the rationale expounded by 
these verses, as could be gauged from the emendations they make and explanations they give to the 
verses. 

Cl^nj] [^srarc:] 

'tItct^wt^^ 'TRTnt^' ^rr^l^^ll^ || 

4 qo(^T|^[f^]TfsTTrat flcbH l ^i^ : ^TT^ | 

Mean Mercury 

36-38a Add to the ahargana seven times four, i.e., 28, and a third. Multiply by 
eight and divide by 927. The quotient is the risings of Mercury. Take the 
eighth part of the remainder and deduct therefrom, in nadikas, one fourth of 
the risings, and the result is the (remaining) days of Mercury. Multiply the ris- 

36a. A.^TTB. ^» i < D.fcnei*i: 
b. B.WTt A.^TOf:; B.^T 37a. A.B.f^T 

B."!T5mFT: D.^TCT: b. A.^«M; B.^^T 

c. A.=ra% c. A.B.T5RWT^ D. [sri?^wr]wn^ 

d. A.B.^lRdW: C.^IW; D.^feTf:^: B.°^t 

A.^TSTT; B.^TT; D.#s^ d. B.<W«N<=)f^dl^ D. Hl^^ fite-^Kl 
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ings by 263, deduct 43 and divide by 829 and the result is the mean Mercury 
(in revolutions). 
These will lead to the following: 
i. 28 1/3 days before the epoch, Mercury rises in the west, after which the countings of the risings 
begin. 

ii One synodic revolution takes (927/8 + 1 /240) days. The deduction of V 4 th nadis or l/240th 
da ner risi L is for takmg the synodic period as approximately 927/8 days. The balance remaming 
3*927^ the number of eighth parts of a day elapsed smce the last nsmg. So, div,dmg 
tl s bv e ght the number of full days are obtained. Dunng a synodic period the mouon of mean 
Merc^y fs equa" to 263/829 revolutions (which i, the same for Sun). Hence for one full revolut,on 
Sun will take, 

(927/8 + 1/240) x 829/263 days, or, 365.261708 days, i.e., 365-15-42. 

iii. At the epoch date, that is 28 1/3 days before 20-3-505 AD„ Suns longitude is 357-37 mmus 27-55 
or 329-42. 

iv. On this date, Mercurv's longitude is given by: 

(No ofrisings(zero) X 263 - 43)/829or - 43/829 revolutions.Thisreducesto - (18-40), or 341- 
20, which is ahead of Sun by 1 1-38 as against 12 needed, and therefore acceptable. 

In verse, 36c, we, also others, have emended the ms. reading — as munvyamanava to 
get the correct figure 927. In 37a krtud has been made as hrtoa. 

The meaning and rationale of these verses is clear. But NP have made medha in 36d ^sodhyo and 
have translated it as "Subtract an eighth part of a day (for every synodic period)" ete. and comment 
"We find in XVII. 36 a subtraction of 1/8 of a day and a dmsion of the number of nsmgs by 4. We 
cannot explain these steps which seem in excess of the normal procedure." 

It is rather surprising that NP missed the elementary step of dividing the remamder by 8 to get 
the number of d^ays, parttcularly when TS have correctly mterpreted it. Wtthout the correc 
number of days (elapsed since the last rising) the further processing does not make sense. Hence 
we feel that NP have not understood the process at all. 

In the next step of finding the longitude of Mercury at the time of the last rising the figures in 
the verses have been badly corrupted. In 37b tridasayama has been emendec Us tndwasapa by TS, 
and in 38a navavasuyama as navavasurama, so as to give them a multipher of 1 23 and divisor ot 389. 
But this would give the Sun's period as 366.479641 days which cannot be. 

NP have made tridasayama as adndasayama; ramarnava as pandava and navavasxvydma as 
navavasurasa. They have also changed the meaning so as to subtract pand A va (5) from thedrmor 
689 rather than to make the deduction from the product. All these they have done just to make 
these constants agree with those of Babylonian and then claim that "Table 24 reveals exact numen- 
cal agreement for the outer planets and Mercury" (!). They forgot that m th» process they have 
obliterated the initial epoch constant of the longitude of Mercury and comment For Mercury we 
have no epoch constant giving us directly a longitude." 

We have emended tridasayama as trirasawma, and navavasuyama as navayamavasu. As shown 
above, these numbers give the sidereal period of Sun as 365-15-42. which is within l.mits. Of 
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course, the constants as emended by NP also will give the correct sidereal period, namely, 365-15- 
35, as it should be, but the emendments made are too violent. 



wu^MviRaRiIvi< ^?<iHV»K II H II 

^Mr^Wf^4MvifaM (?T^TTWT: ) \\ ^ \\ 
^tey i cm ^ R lchl Bty i EAcj ^: ^ET: ||*o 



True Mercury 



38c-40. Forthe 


rising degrees in order, we 


have 




for30+ 5 


35 degrees 




30 degrees 


9+60 


69 




60 


8+80 


88 


100-12 


88 


3+ 30 


33 


30+7 


37 


4+ 100 


104 


100+ 12 


112 


5+26 


31 


3 + 30 


33 


Total 


360 




360 



Thus true Mercury. 

We have made some minor emendations like navakrtyd sastim to navasastyd sastih, ca tlksnamsum 
to vitiksnamsuh, trimsadbhunkte for trimsadbhakta, to get the total as 360 for both sides as they should 
be. With this table corresponding to the mean mercury obtained as per the previous verse the true 
mercury can be got. This is for the true date of rising. Now, the true date has to be obtained or, what 
is the same as getting the true remaining days passed after the true rising date. This is dealt with 
in the next verse. 



38a. A.B.^^^meT (B.rep.WTST) 

b. A.^TTsbHl^^a; B. ^ls*>HI<5 
D. [^SSM^sPTR^^a] 
38c. B3.Hapl.om.^ [f^nfe]t^° 
d. A.B.Rvi-*W*^dH¥ll^ 



39a. A.B.-W^lcj^lH:; C.D.Hcl^I^MlH 
b. A.B.^Id^l. A.B.^Ucilwpri:; 

C.D. !?ld ^dlajOTT^ 
c. C.D.TT^. A.T«tf«T% 
d. A.B.Bsi^l+f+, C.D.&¥&WII1 

40a. Al.^T^. A.B.C.D.7TrPTl5rf^7 
c. A.B.C.D.^liw 
d. A.B.C.D.%Tfct^ 
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These verses actually give the true longitudes at the time of rising corresponding to mean lon- 
gitudes. The mean longitude is obtained as per the previous verse. 

TS and NP think that, in verses 38b-40, the true motion of Mercury is given, for certain da,ys cer- 
tain degrees, and so on. They have made some emendments of their own and both of them get the 
total degrees moved as 360 but as for the number of days TS get 389 while NP get 388. The 389 of 
TS is the same as the divisor of the previous verse and so they think that corresponding to the 
remaining days which will be upto 389 these verses give the true sighra-sphuta. But their idea is 
vague and they are not able to expand it properly. 

NP think that what is given is an eightfold division of the ecliptic but they are not able to explain 
anything further. They comment, "The text calls nl 'days' which, in any case, is meaningless". In 
fact there seems to be no reference to days at all in these verses. 



41. Deduct from the days the degrees of difference of these two, (i.e., of the 
mean and true places of Mercury), in case the true place is in excess of the 
mean place, and add if the mean is in excess of the true. Then the course of 
true Mercury is as follows. 

TS and NP have not been able to appreciate the rationale for this operation. TS have not given 
any rationale. NP think that the correction applied to the days is a mistake and it should be.applied 
to the longitude; and the correction to the days should be applied by dividing the correction (in 
degrees) by the synodic motion per day. This however is not the correct position. 

Since this relates to the rising position of Mercury on the true date the Sun will be 1 2 degrees less 
than the true Mercury. So the Sun also will have to be corrected by the difference between the true 
and mean positions of Mercury. Since the motion of the Sun can be taken as one degree per day 
for small durations, to that extent of the difference the rising date will shift. If the true Sun is in 
excess, the date will get advanced, and, consequently, the remaining days will get reduced, and vice 
versa. Obviously the number of days will be equal to the number of degrees. 

Note on Verses 42-53 

These verses give thegqte'-s of Mercury relating to the twelve signs, Aries to Pisces. In each verse, 
the first quarter gives the degrees (days) of motion from the rising of the planet to the commence- 
ment of retrogression, the second quarter for the period of retrogression, the third for the period 
from the end of retrogression to the setting of the planet and the fourth from setting to its rising. 
In order to check the accuracy of the figures, they have been calculated by modern methods. The 



variants, as:^f«I% M^kH fcUH and 
41a. A.B. o1 5IM f*WlfciW. 
b. A.-^«T%*£. C.f«i%^. c. A.B.^T^W 

c. A.B.repeatafterb,verse40,withafew d. A.B.<^WR (B1.2.^R:) 
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textual figures might be seen to agree with the calculated figures in several cases with minor differ- 
ences, of course on account of the constants used in Paulisa and Vasistha, and due to observational 
errors. Where they differed widely, it has been examined whether there could be due to defective 
readings and suitable emendations have been suggested in consonance with the reading of the manus- 
cripts, as far as possible. Neither TS nor NP appear to have understood the purport of these verses 
and have suggested all sorts of emendations. TS do not translated at all verse 54. 

^ ^'■^^TT' '^'-W-^-il^' #TOT (^FTT:) | 

Mercury's gatis for Aries 

42. The gati-s in Aries are: 







Degrees 


Minutes 


Textual 

o ' t 


Calculated 

o r 


1. 


Rise to Retro. 


36- 11=25 


25 


25 25 


23 26 


2. 


Retro. 


36- 11=25 


3 x4=12 


25 12 


24 11 


3. 


Retro. to Set. 


36- 0=36 


6 x 7=42 


36 42 


39 44 


4. 


Set. to Rise 


36- 14=22 


3* x 5=45 


22 45 


22 45 



ife %'-'ft'- '^'-W-ftil'-'^'- W-W->n*ifa*»: 

43. In Taurus, the gati-s are: 







Degrees 


Minutes 


Textual 

o / 


Calculated 

O 1 


1. 


Rise to Retro. 


4 x 8+0=32 


44- 11 = 33 


32 33 


3 1 34 


2. 


Retro. 


2 x 8 + 8 = 24 


44-33=11 


24 11 


24 9 


3. 


Retro. to Set. 


4 x 8+3=35 


44-7 = 37 


35 37 


33 36 


4. 


Set. to Rise 


2x8+3=19 


44- 1=43 


19 43 


20 43 



42a. A.B.2.3.f9TT; Bl.^^TT 

b. A.B.W?; C.D.^T (D.^P^) *RT. 

A.B.m; C.D.Tmi^ 
c. A.B.#[f!%; C.tWcT; 

D.ftffct 

d. A.B.C.D.T^T*. A.B.W% (B.^e^) 
( B . TTf&TcT ) ; C. ^lH^ld^; 

D. ^^i^i^H- 



43a. A.TIT^; B.^. AL^; A2-i 
A.^ScTt; B.cTcTt; 
C.D.^AWfc+c|: 
b. A.B.TS&; C.D.f^!&. 

c. A.B.^lrTl^RcTt; C.D.^WI^H^l: 
d. A.B.WTO; C.^*T; D.^t^. 
C.^<TP#T^; D. Ukltcl | 
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44. In Gemini, the gati-s are: 







Degrees 


Minutes 


Textual 

O ' 


Calculated 

I 


1. 


Rise to Retro. 


20 + 25=45 


50-7=43 


45 43 


38 42 


2. 


Retro. 


20+ 3 = 23 


3 


23 3 


23 8 


3. 


Retro. toSet. 


20+ 6=26 


3 3 =27 


26 27 


27 29 


4. 


Set. to Rise 


20+ 3 = 23 


45 


23 45 


21 45 



(iWRO 'T$mf C#SO 'M««M'irP«iHiM#iK II 



45. In Cancer, the gati-s are: 







Degrees 


Minutes 


Textual 

O 1 


Calculated 

o t 


1. 


Rise to Retro. 


8 X 4+8=40 


40+ 7=47 


40 47 


42 48 


2. 


Retro. 


8 x 2 + 8=24 


24 x V2=12 


24 12 


24 10 


3. 


Retro.to Set. 


8 x 3+0=24 


24+ 1=25 


24 25 


22 24 


4. 


Set. to Rise 


8x2+6=22 


22 + 25=47 


22 47 


23 47 



(Wris^^^^C^') 1 ^ II 

44b. A.B.C.D. «UWlPdd A.B.fasp^ 

c. B.ytt; C.D.m A.B.^T; C.D.^T 45a. A.^T^T. A.B.t^: 

d. A. 1 ^^; B.to^andindicated b. A.C.D.+d^JJI^: d**IB¥fc«K& 

omissionuptoW£ofverse47cbelow; c. A.C.D.^RTT. A.^ 

CWi D.WP<T d. A.C.D. MawilPewiaRHH 
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Degrees 


Minutes 


Textual 

o t 


Calculated 

1 


1. 


Rise to Retro. 


5 x 8+4=44 


44+ 7=51 


44 51 


44 51 


2. 


Retro. 


3 x 8 + 1 = 25 


25xVfe=12Vfe 


25 12V2 


25 12 


3. 


Retro.to Set. 


2 x 8+2=18 


18+ 4=22 


18 22 


19 22 


4. 


Set. to Rise 


3 x 8+5=29 


29 + 25=54" 


29 54 


28 52 



[cF*TT] 

, l5RR[^] , - < wiw[^ , -'^5% , ]'?Rn«J^ (^r)^*' II ^ II 



47. In Virgo, the gati-s are: 







Degrees 


Minutes 


Textual 

1 


Calculated 

o / 


1. 


Rise to Retro. 


46 


3 3 x 2 = 54 


46 54 


44 52 


2. 


Retro. 


24 


9 x 5=45 


24 45 


23 14 


3. 


Retro. to Set. 


20 


3 x 8=24 


20 24 


19 23 


4. 


Set. to Rise 


35 


50 + 9=59 


35 59 


35 59 



46a. A.C.D. ^^H I ^j^ : (D.» Wj& ) 

b. A.C.D.W^^W. A.^W: 
c. A.C.D.g^t (A.B.gpTT) 

at the commencement of the line. 

A.C.D.Uklfa$HI 
d. A.C.D."*T^IT° (A.^ST^i) 



47a. A.C.D.<^WW<Jt^> 

b. A.kR*JWA|I d^R^jT:; C. gR^lcll d*ll *£T:; 

D.^p^] MHfff^^T: 
c. B 1 .2.3. commerce again with«w* 
after the indicated gap. 
A . B . HWW^ ^ 
C.D.^TTB^ Wt (D.K+^ldl'!) ^ 
TfagP{ |for°^TS^etc. 
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48. In Libra, the gati-s are: 



Degrees 



1. RisetoRetro. (21 

2. Retro. (21 

3. Retro.toSet. (21 

4. Set.toRise. ( 21 



34' 



Minutes Textual Calculated 



0)x2 =42 42+ 3=45 42 45 39 

10)x2=22 22- 8=14 22 14 21 

8)x2=26 26+ 1 = 27 26 27 24 

0)x2=42 42 + 23=65 43 5 42 



47 
15 

27 

5 



49. InScorpio, thegati-sare: 



Degrees Minutes Textual Calculated 



1. RisetoRetro. 10x3+ 6=36 36+ 2=38 36 38 35 39 

2 Retro 10x1 + 11=21 21- 7=14 21 14 21 lb 

l Re^.toSe, 10x3+ 4=34 34+ 3=37 34 37 33 38 

4. Set.toRise 10x4+ 2=42 42 + 26=68 43 8 43 6 



% ( ( ^'^)'1^Nf: '(^IT':^)^^: ||^o || 

49a. A.^mt;B.^mr 

b. A.B.C.D.?rf?Tfcr(B.om.3, D.fiRfitk^) 
for^WftT. A.B.^TT: N^tu^lli^l:; 
48a A.B.^T C.^T^ -W^:; D.^T: 

b A^B.an^tNi^lw; c.*n wrtem*- 1 _ , 

\rnmmT**;»-W<^ c . A.kBiiM.A.B.D.^#n; 

d. A.B.C.D.<ft(A.<W)1*fl^l*»l d. A.B.tfW*(B.*) 
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50. In Sagittarius, the gati-s are: 







Degrees 


Minutes 


Textual 

o > 


Calculated 

o 1 


1. 


Rise to Retro. 


2x10+ 8=28 


28+ 5=23 


28 33 


28 32 


2. 


Retro. 


20=20 


20- 5=15 


20 15 


20 16 


3. 


Retro. to Set. 


6x 7 =42 


42+ 7=49 


42 49 


42 50 


4. 


Set. to Rise 


6x 7- 4=38 


38 + 30=68 


-39 8 


39 3 



[m] 



51. In Capricorn, the gati-s are: 







Degrees 


Minutes 


Textual 

O I 


Calculated 

O 1 


1. 


Rise to Retro. 


20+ 3=23 


23 + 4=27 


23 27 


23 28 


2. 


Retro. 


20+ 0=20 


20-4=16 


20 16 


20 16 


3. 


Retro. to Set. 


20+ 7+18=45 


45 + 7=52 


45 52 


46 54 


4. 


Set. to Rise 


20+12=32 


32 +26=58 


32 58 


33 56 



^T(S^T) [^q]^TT '^^'-T^HHI^: | 

gj£wftH u U W(3?n-5grfgfcKT) || <v* || 

50a. A.«ifcl; B.«Rft. A.B.T^TTraigT (B.wt); 51a. A.B.^T. 

C.I^T^; D. fccWHfe ^ ^ b " A.B.C.#^; D. [#^] 

b. A.B.C.D.to(A.W) fortM c. A.B.C.D.aiW^lT: 

A.B.C.D.^T. A.^for^T d. A.B.C.D.^^STcfft 
c. A2.B.<K$. A.B.C.D.*lfel£w)Hl: 

(A.B.4) 
d. A.B.C.D.^lM(A.^)-?Trt^TT. 
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52. In Aquarius, the gati-s are: 



349 







Degrees 


Minutes 


Textual 

O f 


Calculated 

O ' 


1. 


Rise to Retro. 


= 20 


22 


20 22 


20 22 


2. 


Retro. 


20+ 1-21 


15 


21 15 


21 15 


3. 


Retro. to Set. 


=43 


55 


43 55 


46 55 


4. 


Set. to Rise. 


2 x 12=24 


60 


25 00 


27 51 



^['STC^']^ < ^T'- < f^R , -lfTT '^Tm' [UHKcbl:] I 
4 52Tg^T: 'f^' Cfa3' ?m) ^cbl^ll: M : II ^ 



53. In Pisces, the gati-s are: 







Degrees 


Minutes 


Textual 


Calculated 

O 1 


1. 


Rise to Retro. 


18+ 1 = 19 


20 


19 20 


19 19 


2. 


Retro. 


18+ 5 = 23 


13 


23 13 


23 14 


3. 


Retro. to Set. 


43=43 


50 


43 50 


43 52 


4. 


Set. to Rise 


3x 8=24 


49 


24 49 


24 47 



J 

(3T^)^^rTWl^^^^C^] ^ 
3^^WTT^ftWTT55^(^W^W*i) 



52a. A.f%. Al.t^Rm; D.ftfc3T 

b. A.B.^^^HT^; C.D.gct^jT&^ 
(D.f^I)f^R0: 

d. A.B.c.wri»r«nfafrair^fe: (C.WWI): 

D. Wr^^#PTr:^f5: 



53b. A.B.CD.^^S^TW 

b. forWIW;, Al.^R; Bl.^lTS, 

B2.?TrafW; B3.?RTlt; C.D.^T^ 
c. A.B.C.D.^K+<3»fafi¥k*ll (D.f^RTf:;) 
d. B2. wf. A.B.JTST^: 
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Specifications of the gati-s of Mercury 

54. From setting to rising the degrees and days are given by the fourth gati. 
From rising to vakra (beginning) is (given by) the iirst gati. The third gati is 
(from) anuvakra (i.e., end of retrogression) to setting. 

It will be seen that this verse explains what the four gati-s indicate a fact which has not been men- 
tioned earlier. Actually, there is no direct reference to the secondgati. But it can be inferred that 
this gives the retrogression period and the degrees. 

TS have made some emendations but have not translated them but say that they are not able to 
comprehend the meaning of these verses. NP have adopted the emendations of TS and have just 
translated them as they are and that does not make any sense. They comment: "We cannot connect 
any rational procedure with the verses XVII, 54-56". 

^lMd^id^: ^cHM^MIdM^wl || <^ || 

55. By the square of the difference in gati-s (days) multiply the degrees and 
divide by the square of the gati-s. The result is to be subtracted from the 
degrees and that gives the degrees gone in the f\vstgati and in the second half 
of vakra-gati. 

56. In the first half of vakra-gati and in the third gati multiply the square (of 
the days passed) by the degrees and divide by the square of the gati-s (days). 
For the fourth gati the result is obtained by (direct) proportion [since the 
motion in this section is practically uniform.] 



54a. A.3TEI; C.3&$; D.arat. A.B.C.tTCTCIPJ; 

b. A.B.C.D.t^raia^I^lToccursasc.They 
have asb.^W^IrliT? (A.B.«wcrTm) 
^ifwi^fn^(A.B."n^n^ d.tmt^) 

d. A.B.C.D. a^jbH^H^i^ ( A.#^, 
B.%fe?3[). 



55a. B.ot^TcT 
c. B.^i 

d. A.TTcTT. A.WW; B.WrSTW;. 

D.wrarcj 



56a. A.<Aj|d1; B.-=l*J|d1 
b. A.C.TcST^; D.Tc^ig 

A.*U?fxT; B.TO Clf & TcT*J; D. [4kfyld 
c. A.B."Tfilflct(B.5f5fcT). Bl.^; B2.3.^ 



d. D.°^«^. A.B.°«^^WT^ (B2.3."TcTt) 
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Correction for mean elongation in heliacal rising 



57. Find the R sine of the latitude of the body. Multiply the (maximum) half- 
cara (i.e. the half difference between the half day-time or night-time from 15 
(nddis.) in vinddis, by this R sine, and divide by 480. Add this or subtract this 
(to or from the Moon or star-planet) if the latitude is north or south, according 
to the proper direction, (i.e. according as the phenomenon of setting or rising, 
takes place in the west or east, respectively). 

58a-b. When this is done, their setting or rising happens according to the 
interval in degrees (between the Sun, and the planet given in XVII. 1 2, or the 
Moon). 



Note 1. There is a lot of lacunae in verse 57. The half-cara-vinddis meant is the maximum for the 
place. yathdkaksam is meaningless here and is corrected into yathdkdstham, i.e. according to the direc- 
tion, but the direction is not mentioned. If north latitude, the addition is for the Moon or planet in 
the west. Also if north latitude, the subtraction from the Moon or star planet is to be dbne for the 
east. If south latitude, the subtraction is for the west, and the addition for the east. These things can 
be got by a little reflection. 

Note 2. The amount of degrees to be applied can simply be got by multiplying the degrees of 
latitude of the body by the tangent of the latitude of the place. (The equinoctial mid^day shadow 
of the 12" gnomon -5- 12, is tan. latitude of a place). The amount got is very rough. 

The degrees wanted = Sin. half cara (i.e., tan latitude of place x tan. declination of the Sun) x 
sin (90° - angle for heliacal rising), nearly. The last term is neglected here, tan declination is 
roughty taken as 48', half-eara is converted into degrees by division by 10, and the conversion into 
sine-function is applied to the latitude of the planet instead of the half-cara', as roughly equal. 

Note 3. This application is what is technically called Aksa-*drkkarma. The Ayana-drkkarma is 
neglected. 

Note 4. The heliacal rising of the Moon, and of Venus and Mercury when retrograde, takes place 
in the west. The heliacal setting of the Moon and retrograde Venus and retrograde Mercury takes 
place in the east. Otherwise, all star-planets set in the west and rise in the east. (This Siddhdnta does 
not envisage the setting or rising of Venus and Mercury when retrograde, no separate degree for 
that being given). 



57a. BI.3.^lfafafc|fa 

b. A.B.^for5?A.°<?OT?; B.^WIT? 

(B2.*R?nft) ^Rig^l 
c. A.3T?plf$T. A.TPRT 



d. A.tTC; B.°m<>. C^. D. [awnj] 

58a-b. A.B.C.D.XT?T#tra?r%: 
B.°fc!Sfflf«r o 



26 
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58c-d. The setting and rising (mentioned above in verse 58a) is by 12°, 14°, 
12°, 15°, 8° and 15° for the Moon etc. 

Note 1. This has to be taken with verse 58a. The degrees given here separately are according to 
the Vdsistha-Paulisa, which do not instruct the correction due to the latitude of the planet or for 
even the latitude of place (aksa-valana). The result will therefore be very rough. 

Note 2. These degrees are necessarily arbitrary as mentioned already, and the correctness of the 
numbers cannot be verified in the absence of the original siddhdntas which are now lost. But we can 
guess the probable values as we are sure of the relative luminosities of the planets. The numbers 
seem to have been misplaced. They should be dvddasa, tithi, manu, ravi, asta, tithi (12°, 15°, 14°, 12°, 
8°, 15° for Moon etc.) All siddhantas give 17° for Mars instead of 15°. The rest are nearly correctly 
given, according to one siddhdnta or other. 

[ chMHH I R T foftlHlcMUIH3 

(tlr) ¥MfaWli^fu^ 05)50=0 [tVHliisWI<J|^: | 

^iv i ^M i u ii ^ s^^^^Pi; ||^ || 

Conyersion of time-degrees into distanee-degrees 

59. Multiply the degrees by 300 and divide by the vinddis of oblique ascen- 
sional difference of the sign, rising at that moment, (near sunset or sunrise, 
as the casĕ may be), and get the respective degrees. When the distance bet- 
ween the sun and planet is that much, the respective setting or rising takes 
place. 

Note 1. This work is what is known as the conversion of time-degrees (kdlabhdga) into degrees of 
distance on the ecliptic (ksetrabhaga). Since the rule has to apply commonly to Saura on the one hand 
and the Vasistha-Paulisa on the other, it has been placed last. 

Note 2. Since the positions of the Sun, Moon and planets are given only on the ecliptic, this con- 
version is necessary to measure distances. 

^tWSS^T (^t)^T: ?Tt>R:3r^R W (ygS) \ 

?n^^m<i^imHid w^W ^° II 

60. (The rising takes place in the east when) Mercury, Venus, Mars, Jupiter 
and Saturn are less in longitude than the Sun, and the Sun is less than the 
Moon in the opposite direction, (i.e., west). Making the computation according 
to the instruction given above using the latitude etc, the phenomenon should 
be predicted. 

60a. A.B.C.<^I<£hI: 

59a. A.fmi; B.l^ltcT. B.fERT§t b. A.B.<U<i5flHI; C.Wlt#T; D. [WM] 

b. A. ^mS; B. «<WHliT d. B.WTOI^ 
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Note. The verse is very corrupt. But knowing what it is aboiit we can give the meaning, making 
possible corrections. The rising is mentioned here as it is rnore important for application todharma- 
sdstra etc. But rising also envisages setting with the word 'less' taken for 'more', and 'more' for 'less'. 

Example 1. The latitude of the moon is 3° 45' N. The maximum halj-cara of the place is 150 yinddis. The 
obligue ascensional difference of the risingsign h 280 vinadis near sunset. Find theediptic distance hetween 
the Sun and Moon,for the heliacal rising ofthe Moon. 

The time-degrees for the moon is 1 2°. The heliacal rising of the Moon takes place in the evening. 
R sin 3° 45' x 150 + 480 = 7 38/60 x 150 -s- 480 * 2° 23'. 

This is additive since the Moon's latitude is north, and the phenomena pertains to the west. 
Therefore, the corrected time-degrees = 14°. 

14° X 300 •*• 280 = 15° is the distance on the ecliptic between the Sun and the Moon, required. 

Example 2. For the same place, (i.e., max. half-cara 150 vinadis) jind the ecliptic distance requiredfor 
heliacal rising, given: the latitude of Mars 1° 15' N, and the oblique ascensional difference near sunrise at that 
time is 330 vinddis. 

The latitude correction to the time degrees (17° for Mars) = R sin 1° 15' X 150 + 480 = 2' 33 " 
X 150 •*■ 480 taken as degrees = 48'. 

As the latitude is north, and the phenomenon pertains to the east, (since it is the rising of Mars 
that is considered), it is subtractive. 

.-. 17° - 48' = 16° 12' is the corrected time-degrees. 16° 12' X 300 •*- 330 = 14° 44', is the distance 
on the ecliptic required. 




^ 0* «rat) [cTOO ^y*4c\ch<UI TO^ || ^ || 



II ^ I! 



61. For the good of his disciples, Varahamihira, Jbelonging to the Avanti 
country (Ujjain region), wrote this section dealing with the star-planets, briefly 
but with the constants agreeing with the original (siddhdntas). 

62. A learner, discouraged by the computation of Mars by the astronomer 
Pradyumna, the computation of Jupiter according to the Saura siddkanta, and 
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the computation of Mercury by Vijayanandi, can have recourse to this section 
of the manual. 

63. By Varahamihira has been seen, (i.e., written) (tkis karana) easy te under- 
stand, 

Note 1. Verses 61 and 62 clearly close the section dealing with the star-planets. Since VM says that 
he has improved on the earlier authors, he must be referring to Chapter XVI and XVII, dealing 
with the Saura. His reference to his improvement on the Saura itself in the case of Jupiter must 
refer to the bija correction made by him in XVI. Indeed, his dissatisfaction with the Jupiter of the 
Saura is renected in his formula for computing Jupiter to give the years of the sixty-year Jovian 
cycle, given in his Brhatsamhitd, in the chapter dealing with the motion of Brhaspati Qupiter). As 
for chap. XVIII, he could not have meant the Vdsistha-Paulisa star-planets there as an improve- 
ment, they being crude. 

Note 2- Verse 63 evidently closes the Pdncasiddhdntihd, as indicated by the Vasantatilakd metre of 
the verse instead of the regular dryd metre. But unfortunate!y the last three feet are missing. 
Perhaps it is a purposely done 'black-out' by a later astronomer-scribe, to add his spurious verses 
64-81 in continuation (see below) and, unfortunately, only his manuscript has survived as the 
archetype of the few extant manuscripts, 

^ d. C.M^ltHi om.^T. A.B.^R!T; 

61a. B.JT^i:-?WmT: D. drops the word. 

b. A.%*rf?°; B.fS*TS5Tf °; B2.3.fe^f?° 63a A.B.C.t^. hMw 

A.B.°«lcW^°;C.4[<m:]^; b _ d A .B.C. gap indicated for the three 

D.^[f^R5^] q uartersoftheverse. 

c. A.B.f*T?T: D. Ignores the expression *_<sliHl«* 

62a. A."SRTS. B.^T in this verse and constitutes a new 

b. A.B.^ (B3.^) halfverseforthe previous verse. 

A.-5fTt^T#iR- B.#^M as: yjTjm : ^t^^t ^T^g 

D.^S^MT^R q<i5(Hf^. u l || In cohsequence, the 

c-d. A.lĕr^TJTRg^; B.^^TpTRjt; D.^tTIT: numberingofverses thanin Aisone 

^rH^ ^^RTff^g^<l#f^ u l 11 kssinD,hereforward. 



m^RkiEhw*" <^fafe<fa<kidKii 

Hgl<^Hdl 3iyi<^OTFT:] 

Thus ends Chapter Eighteen entitled <(Vasistha-) Paulisa-Siddhanta 
- Rising and Setting of Planets', in the Pancasiddhantika composed 

by Varahamihira 



Chapter Eighteen 64-81 (A Spurious Supplement) 
Computation of the Star-Planets in brief 

Spuriousness of this Section 

That verses 64-8 1 of Pancasiddhantihd form only an appendage to a manuscript of the work and 
not a composition of Varahamihira, is evident from its occurring after the work has closed in the 
customary way with a concluding colophonic verse, with its metre changed to Vasantatilaka from 
the dryd metre in which all the previous verses of the chapter had been couched, and with the author 
speaking about himself in this concluding verse. It is also to be noted that the set of verse 64 to 81 
begin with a new salutation. Had these verses really belonged to the PS, the customary colophonic 
verse must have come at their end, and significantly there is no such colophonic verses at the end. 
Further, in verse 65 it is said that the author considers this as a superior set containing a previous 
method or matter and thathe was giving it out, with a liberal mind, to the generality of astronomers 
without hiding it from them. But actually it is inferior stuff, and can give only very rough results 
since the equation of the centre is dispensed with, only the equation of conjunction being given, 
which makes it valueless. The author boasts here that he has made things easy, and takes credit for 
this which only a novice could have done. Fancy VM speaking thus, when in verse 62 he is so intent 
on accuracy that he says, "Let people who have been dissatisfied with the inaccuracy of astronomers 
like Pradyumna, Vijayanandi etc, have recourse to his treatment of the Saura." Further, there are 
mistakes in the computation of Venus and Mercury, unpardonable in any astronomer. (See below, 
Note 2 under verses 70-72). The abdve-mentioned aspects of verses 64-81 have escaped the notice 
both of TS and NP, who both take them as genuine compositions of VM. Moreover, NP obliterate 
verse 63, the concluding genuine verse of PS, by not including it in their text, though a few words 
thereof are present in all the manuscripts of the work and in some of the manuscripts it bears a 
serial number; thus, verses 64 to 81 are numbered in NP as 63 to 80. 

These spurious verses are dealt with below for the sake of completeness of the text as found in 
the parent manuscript of the PS from which all its manuscripts available now have been derived. 

WTf?T^(W) a^^3Rm^T(iT:) M<ftdW || II 

3 ^a i <V l fa4o^MI d l <|ij^Ad<mfR T: | 

( c^iMld ) c(< | ^feii ^^ ft4H4< :^nq || ^ || 

Salutation 

64. Salutation to the good people, ever interested in the welfare of others, 
who even when knowing the faults of others, and even when there is an 
opportunity, do not mention their faults, but proclaim their good qualities. 
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65. In eighteen dryd verses, Varahamihira, without feeling any jealousy, 
gives this manual to the world, ending with the treatment of the planets, 
thinking that it is good. 



Note 1. The emendations are TS's also. 

Note 2. Verse 64 is a paranomasia and means also, "Salutation to the good science of astronomy 
called technically parahita-ganita (prevalent in Kerala in South India), which at the beginning deals 
only with mean motions, though knowing its defective nature as not being true motions, and which 
furnishes tabular values of equations going by the means, mandajyĕ (R sine table of the equatidn of 
ihe centre), karkijya (R sine table of the equation of conjunction for the anomaly 90° to 270°) and 
makarajyd (R sine table of the equation of conjunction for the anomaly 270° to 90°)." 

This meaning being not obvious to the ordinary reader, I give the phrase by phrase meaning: 

prastdne (granthdrambhe), paroksasya (asphutagrahasya) dosdn (asphutatvadi-dosdn) jdnann api yah na 
vakti (janann api na vadati, madhyagater eva prakrtatvdt) gundn (mandajyd, karkijyd, makarajyd ityddi- 
gujiasabda-vdcyd jydh) prathayati (prakatikaroti, ganayitvd likhatiti yavat), tasmai sujandya (tasmai 
sohhanajanmane) parahitaya (parahitaganitdya) namah (namo 'stu). 

Note 3. These two verses also form part of the 1 8 verses mentioned. So, actually there are only 1 6 
verses (66 to 8 1), giving the computation. 



66. From the epoch, to the time of computation of the planet, find the Sun's 
degrees passed. These are to be technically called 'days', (and used in the com- 
putation). Find the remainder after dividing by the cycle number given for 
the respective star-planet. Take the 'days' of motion corresponding to the set 
of motions given to the respective planet. These are degrees of planetary 
motion. Add this to the Sun's longitude. The true planet is got. 



Note.l. The 'days' mentioned here is only what is called sauradina ('Sun's day') as distinguished 
from the sdvana or civil day, and are actually degrees. (This is like the word 'light-year', which is 
used as a unit of distance), This instruction is given with respect to all planets. 



3Tfsp*>T (^T)^r t^(^) «TT «JFTT 1 1 ^ | 



'Sun's day' (Sauradina) 



64a. A.B ;^T: 
b. A.^5#H; b.*hhhiIh (b.^t°). 



d. B.t^TOTC: 



C A.<WSfa*cKI3fHfe<| (A2.°fl#?*f); 



A.^«tR!f 



c. B.WIlf?r, A,1pTT^?T^; B.^JTRW^ 
'd. A.^WW; B.^OTTcW, B.^Tr^ITO 



66b. A.tl^a?i?RF>r;B.t^7Ta7PiI 



B.^FT? 



65a. A.°^SJ;B.°^!T 
b. B,^#T: 



d. A.B.3W>I^ 



c. A. t^Nt; B. °^vT4^T t5^rt 
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Note 2. The cycle given for each planet is only the period of the planet's synodic revolution con- 
verted into the solar days, i.e., it is the synodic period X 360° -5- 365-15-30, nearly. When so con- 
verted, we have: 

Mercury Venus Mars Jup. Saturn 
Theregularsynodicdays: 115-52-45 583-55 779-57 398-53 378-6 

Convertedintosolardays: 1146/29 575V 2 768-45 393 1/7 3722/3 

The second set is given for the respective planet, saying that the synodic period is so many 'days'. 
Not knowing this TS have remarked that they do not understand why there is so much difference 
in the periods from the regular days generally known. Also, they say they cannot dismiss them as 
wrong, since the numbers given are checked in the computation itself. (See pages \xiii-\xiv of Intro- 
duction in TS's edition). 

NP have understood that the cycles are in solar 'days'. But, they have remarked that 'VM' has con- 
fused the days and degrees, not realising that there is a purpose in giving the cycles in the solar day 
units. These units have been used because, now, the 'days' and the 'degrees' will have the same 
meaning, and they can be combined without, at every point, instructing it. Thus, ultimately, the 
combined value is the degrees of the true planet. 

Emmple 1 . Days/rom epoch 1 ,20,553. Find the 'days', and assuming the Sun at epoch as zero,find the Sun 
at the end qf 1 ,20,553 days. 

1,20,553 X 360 365-15-30 = 1,18,187.5 'days'. 

This plus zero, and divided out by 360° = 17°.5, Sun's longitude. 

^^(*FT^fft) '^'(D^ 'fwp#i^ | 

(^)%=^N: [t^Tjt^TT || ^ || 

^ (t^) M f^T(8^) [f*T] -TSm: (*)1fe: 

3^yVI^(^)^fe: ^TWTT (^)feF^^Tt%: || $6 \\ 

M^ i a^Tb^ l (?T)rT^W '^TTt^ll^': /^RTty (W:) | 
34frTfMdl ScT: Utdll&H trT^Tt' t%WT0FTT%:) || ^ || 

III** II 

Motion of Mars 

67. Subtract 6329 from the 'days'. Multiply the remainder by 4 and divide out 
by 3075. Take the remainder and divide by 4. These are the 'days' after con- 
junction (i.e., the anomaly of conj.) for Mars. 

68-69. After 56 'days' it goes behind the Sun by 15°, and becomes observable, 
(i.e., the heliacal setting ends). In 188, 108, 73, 68, 220, 'days' Mars lags 
behind by 60°, 60°, 90°, 50°, 70° , respectively . Then it sets heliacally, and in 
56 'days' lags 1 5° behind and goes into conjunction. 
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Note 1. I generally agree with TS's emendations. But in verse 68, 1 give sadoisayaih for sadtrimsat- 
savaih, which latter is both meaningless and has one mdtrd extra. TS's sadvargaih does notagree with 
the last saptdstakena, for the numbers should agree or at least nearly agree. saptatyd dvyadhikaya has 
been emended by me into saptatyd tradhikayd, and khdbdhi into khdsvi. These will not only make the 
total correct, but also bring about agreement with the Siddhdntas, which all generally agree with the 
actual as given by modern astronomy. 





1 


2 


3 


4 


5 * 


.6 


7 


Total 


Degrees 


- 15° 


- 60° 


- 60° 


- 90° 


- 50° 


- 70° 


- 15° 


- 360° 


moving 


asta.. 






vakra 






asta. 




behind 


















'Days' given 


56 


- 188 


108 


73 


68 


220 


56 


769 


Actual 'days' 


54 


188 


106 


72 


75 


220 


54 


769 



The great difference in 'days' between the 68 given and 75 actual must be explained by their 
following next to the retrograde period, where even a large number of days can produce a very 
small difference in degrees. So, correction fo whole degrees can produce this difference in days. 

Note 2. Verse 67 means that 6329 'days' after epoch, there is conjunction, which repeats after 
each synodic cycle. The cycle for Mars is 768 3 /4 'days'. So irtstead of dividing by 768%, we are asked 
to multiply by 4 and divide by 3075. To get back the true remainder, the remainder here is divided 
by4. 

Note 3. The following points deserve to be noted: 

(a) In the case of all star-planets the total 'days' should be equal to the days of the respective 
cycle. 

(b) In the case of the superior planets, viz. Mars, Jupiter and Saturn, the degrees are all negative 
jmd add upto - 360°. When the giyen degrees is numerically greater than the corresponding 
'days', (for e.g., — 90° for 73 'days' here) the planet is retrograde. 

(c) The heliacal setting and rising are at the beginning and end of the cycle for all. But, for the 
two inferior planets, viz. Mercury and Venus, there is another setting and rising at inferior conjunc- 
tion when the two are retrograde. 

67a. A. jjM l ljghl ; B. cWW ^ ll &jk 

b. A.fcns%; B.f<Wct. B.tlm. 

c. A.B.^pt^t. B.^tj^ 
d. A.ft^«; B.fafc?t>;. B3:i^W«n 
68a. A. 1^R*^Rd«^t; B.^^Rd»rat; 

b. b.^bt. A.B.frora|: (B.<*Pr*rf?0 

c. A. i ¥RT T T^*Tf&: 



d. A.B.^^RRTTr 

69a. A.t^TS; B.^Tgte 
a-b. B.-HkKd 
b. A.B.C.D.T§rrfeTft%: (B.°fa%:) 

A.B1.2.*WlfcNI:; C.D.^rfeTHT: 
c. B3.3TOTrPT# 
c-d. B.*TTg#H 
d. A.B.fitTT#T:; C.D. lH<V I J l fd : 
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(d) The rising and setting are given by observation at different regions and different conditions 
of the atmosphere , and theref ore vary among the siddhdntas . 

(e) In the case of the inferior planets the degrees should add upto zero. When the degrees are 
positive and greater than the days, the planet is gaining upon the Sun, and the total gam is its elon- 
gation When the degrees are less than the 'days\ the planet is lagging behind. When the degrees 
are negative and numerically greater than the 'days', the planet is retrograde and comes at the 
middle of the cycle, if the cycle begins and ends at superior conjunction. 

Example 2. Compute Mars at 1 ,20,553 daysjrom epoch. 

The solar days are, 1,20,553 X 360 -h 365-15-30 = 1,18,817.5, and the Sun is 17°.5, taking the 
sun at epoch as zero, which it nearly is as already shown. 

1,18,817.5 - 6329= 1,12,488.5 

1,12,488.5 X 4 + 3075 leaves the remainder 1004. 

1004 -r- 4 = 25 1 , real remainder of 'days'. 

During this period we get the movement: - 15° in 56 'days', - 60° in 188 'days', and - 4° for the 
7 'days' remaining, total — 79°. 

Adding - 79° to the Sun, 17°.5, True Mars = 298.5°. 

^r§fe*(^: ) 3n#A ^(3) 'twr' ) ! 

3Tgl3(*T)f*T:0&)TO: lite^^*)^^*^ 
W^'-^^* ftt (tf) l^t ^Tf?T 1 1 Vs* 



Motion of Mercury 

70 Subtract 1 4,68 1 from the 'days'. Multiply the remainder by 29, and divide 
out by 3312. Take the remainder and divide by 29. The 'days' for Mercury in 
the cycle is got. 



70a. A.t%TT%. A.B.T^; D. [T#^t] 

b. A.B.l^/^PrPPTj^. A.B.1.2.« < KUPW% 
c. A.B.^t 

c-d. B1.2.°3^FT-gap-#l°; 
B3.°^f#T-gap-cn?J 



71a. A.^?rf*rSF°. A.B.#n: 

b. A.tlPrt^I^Tam:; B.#n^RfW?W:; 

c.^[t*r^st?tt:]; D.*Q [P#w«rai:] 
c. A.T?n#;B.^-gap^;D.[ fM^t] 
d. A.°^T- A.B. , ?R5IT» (B.W.); 

C. Dtrcata]; D. [*wm0 
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71. In 10 'days' Mercury falls back by 12°, and rises in the east. In 14 'days' 
more it lags by 9°. Then in 18 'days' it gains 9°. Then it sets, and in 30 'days' 
gains 25° and rises heliacally. 

72. Then in 18 'days' it gains 9°. In 16 'days' it lags 12°, and sets in the west. 
Then in 8 'days' itlags 9°, and gets into conjunction. 

Note 1 . In verses 7 1 and 72 my corrections are based on the need to conform as nearly a« possible 
to reality, and they are also, as far as possible, kept close to the text. $arasvih, 25, may also bejaldsmh, 
24. The values are; 





1 


2" 


3 


4 


5 


6 


7 


Total 


Given degrees 


- 12° 


- 9° 


+ 9° 


+ 25° 


+ 9° 


- 12° 


- 9° 


0° 








(? + 24) 












vakrdsta 


vakra 




asta 




vakra 


vakrdsta 




Given 'days' 


10 


14 


18 


30 


18 


16 


8 


114 


Correct 'days' 


8 


16 


18 


30(?28) 


18 


18 


6(?8) 


114 



In columns 6 and 7 it should be — 9° and — 12°, or atleast — 10° — 11° though the text letters are 
unmistakable. 



Note 2. The constant for subtraction, 14,681 shows that the planet is in superior conjunction, 
since the epoch position of the planet must agree with that given by modern astronomy and other 
siddhdntas, atleast within a few degrees. (See table appended). If so, the Table of cycle motions given 
should begin and close with superior conjunction. But in the Table given, the cycle begins and 
closes with the inferior conj. as can be seen from the retrograde motion with which the Table begins 
and ends, and the most rapid motion (aticdra) coming at the middle. 

The astronomer of very inferior calibre who has made this interpolation, has been misled by the 
two sets of heliacal rising and setting in the case of the inferior planets, Mercury and Venus. He has 
wanted to begin the motions with the rising in the east and setting in the west, to fall in line with 
others, not realising that this occurs during its retrograde motion which falls at inferior conjunction 
coming in the middle. This is another proof that VM cannot be the author of this set bf dealing with 
the star-planets. (This author has committed the same mistake in the similar case of Venus, where 
the jnistake can be seen glaringly when the true Venus got is compared with that of the other 
siddhdntas or modern astronomy). If he does want to begin with rising in the east and end with set- 
ting in the west, he must begin and end his cycle table with the inferior conj. and to this he must 
add to the days to be subtracted half the cycle days, equal to 57 3/29 days. (The cycle days = 3312» 

29 = 1 14 6/29). 



72a. A.3T5I^T:^T5r ; B.3T5T^lf^:^r:; 

b. A.B.C.D. $te¥lfaSI5!<=liyd! 

d. A.TTOT; B.TTOT. A.C.D.^^ITtrT 
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TT^T '^TORTC^t] 4 (W) 'ftf^(^)TT%'# 
^^^d^ (ft:) %^T5^TT [fTORH] || ^ || 
Bf(5^f)^Wt?2TT: ^?Tf^^WRH: 3TT(^) | 

'^H:' ^piRRT:' '[*T]«l¥lW 4 Tfl^'[iN] | 

I^TT^: II 



Motion of Jupiter 

73. Deduct 16,552 from the 'days'. Multiply the remainder by 7 and divide by 
2752. Divide the remainder here by 7. The 'days' from conjunction are got. 
74-75. AU degrees given are to be subtracted from the sun. In 16 'days' lt 
moves 12° and rises in the east. Then in 54, 70, 49, 88, 40 days it moves 44°, 
64°, 120°, 76°, 32°. Then it sets in the west, moves 12° in 16 days andjoins the 
Sun. 

Note 1. The first foot of verse 73 is faulty containing 3 mdtrds extra, and corrupt. So it has been 
corrected. The rest of verses 73 and 74 are TS's emendations. In 75, all emendations are TS's, 
excepting those for grammar. 





1 


2 


3 


4 


5 


6 


7 


Total 


Degrees 

Given days 
Near correct 'days' 


- 12° 

asta 
16 
16 


- 44° 

54 
-54 


- 64° 

70 
70 


- 120° 

vakra 
109 
109 


- 76° 

88 - 

88 


- 32° 

40 
40 


- 12° 

asta 
16 
16 


- 360° 

393 
393 



73a. A.B.C.^SSft°; D.tf?c*W 
A.B.C.D."?Rlf5fa: 
b. A.^.B.1?clA.f™(A2J) 
(Al.^) B.£mS*lfaf& 
c. A.B.$ 

d. A.IWM:; B.lTOlW^ C. [f#=?:] 
D.tPKWIW] 

74a. A.^H^^ B."fl3^ 
b. A.SI3> 



c. B.Hapl.om.of<*dfa^: 
d. CD."?iM^r^i%: 
75a. B.H<=II Rn^: 

a-b. A.B.C.D.^I+Tei^l (B.«*gl°) 
b. A.B.C^TUlf^:; D.^Jlf^: 
c. A.B.°ffa# 
d. A.B.°^lg(A2.3;B1.2.?) 
A.*TSF1T(B1.2.T1$ B3.7TT) 
A. °?rf*rc^ B . °?#T^; 
C.D.°?lfaT#J 
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*TfT(^)t>TrT ^d-WpK¥lfecWI: ^g: || ^ 

4 1^'^fg#T: 3n^f*TfST' [ftr] '^F(*T)*T'#T: | 
'cT^n' ^(2^:)' '^KTTtg^r:' ^( MW,lMvi<0 ||V*9 
(W) [E]***3(*T:) t^[^]5rT>tg#triT: TTST^| 
3(^)t% (ft)%3RT(^t) (W)t% (^)^t%(c=Tr*)*Tt%: | 

IIW* || 



V9<i 



Motion of Venus 

76. Deduct 1,18,122 from the 'days'. Multiply by 2 and divide by 1 151. Take 
the remainder and divide by 2. We have the 'days' from the conjunction of 
Venus. 

77-78. In 5 'days' Venus lags by 9°, and rises in the east. In 15 days it lags 21°. 
In 64 days it lags 15°. In 164 days it gains by 35°. Then it sets in the east. Then 
in 40 days it gains 10°, andjoins the Sun. Then, moving in accordance with 
the reversed order of the days for cycles given, it rises, after the days given 
from setting to conjunction (i.e, , 40 days), in the west, and moves till it reaches 
the setting in retrograde (and getting into the inferior conjunction) section. 

Note 1. 1 have corrected mitindu into dhrtindu for agreement with the Sun in superior conjunction 
which alone fits. TS's correction (also NP's) mahindu does not bring agreement with the Sun either 
at superior conj. or inferior conj. There can be another possible correction matindu (mati is 8). In 
the 64 days, Aanking the retrograde, the days may be a little more or less, since a small error of 
observation can produce a difference of a large number of days. The lacunae is filled by me with 
sapancakdstrimsat, meaning 35°, to fit the number of degrees wanted to make up the total zero, and 
fitting the number of days given. TS's emendation, krtastabhih will be far from htting the total. 



76a. A.B.°ifafdf); C.D.°##^ 
b. A.B.?^&*sftif(B2.T)% 
c. Al.fW:. A1.4xKfcrfd; B.<4+fcfdd 
d. B.°^T"?g: 

77a. B3.d^=ffl 

b. A.B.fafs&$qiT (B.*PT) #T: 
c. A.lcPap 

d. A.B.°tgfa:¥, restof versemissing: 
D.?:fcT (ff] felfa:*T 
C.°f^r: [%^TcT:]; D.°f*T: [^TWcPT:] 



c. 



78a. A.B.C^ (B.^T) eiS&H^I (B/fl^FT); 
D.WT^TTT^TT 
b. A.PKUdldl; B.pRJIIdld) 
A.3^TfcTfcrf«lPliJJ|c|>l^; 
B.^fdf^fH^|chlcri] 
C.<*Wfd PK^I+lcH lrfrt; 
D.d^Id PK*|cH<r1M <tl(d 

d. A.B.^rtcT (B.^raRr) W 

A.B.f^TT«FTfcT: ; D. [f5RHT«T]TTT%: 



c-d 
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Moreover, their filling the lacuna by sesuh, meaning 5° is quite inadequate to make up zero I have 
emended sastastakena \nto pancastakenu, meaning 5 X 8 = 40, which wdl fit the number ot days^ 
ITso 1 0° synodic motion there requ.es 40 days and it is also the penod from settrng , tc > gomg mto 
supenor conjunction. sasta is patently wrong spelling, and sasmakena is meanin ^ eSS n ^ f ^ 
NP keep it which is wrong. That this is the segment of heliacal setting to conj. can be mrerred from 
Sjgi-n for the «Jlegment, and 10° for heliacal setting and rismg at supenor conj. „ gwen 
by many siddhantas. The other minor emendations are TS s. 

Note 2 1 1 8, 1 22 seems to be a very large subtractive constant, equal to more than 300 years, while 
all others are very near VM's time. But I cannot think of any other number to fit. 

Note 3. The maximum elongation is seen to be 45°, correctly. (Cf. Table). 




Note 4. The remark about Mercury, that the cycles begin and end with the ^^".^ 
accordine to the subtractive constant given, but the motions in the cycles begm and end wuh the 
S^iSim^i,^Id8 in the case of Venus also, showing thereby that the authorrs an .gnorant 

^pos^ 

the subtractive constant. 



Emmple 3. Comfmte Venus at 1,20,553 daysfrom epoch. 



If the subtractive constant grven in the text is used, 1,18,817.5 (already found m the example in 
Mars)- 1,18,122 = 695.5. 
This X 2 -5- 1 151 leaves the remainder 240. 

This divided by 2 gives 120 <days' gone in the cycle. We have Tor the first 5 , day» « - 9°, and i the next 
15days- 21°andthenext64days- 15°and the remaining 36 days, 36 x 35 - 164 - 7 40 totally 
- 37° 20' Adding the Sun 17°.5 already found in the example for Mars the true longitude of 
Venus is - 20°, i.e 340°. (The example in the Saurasiddhdnta for the same date has given 46 .) 

The error in Venus, in using this method here, is 66°. On the other hand let us use the cycle 
order ^re-ar^an Jd to begin from superior conjunction. It is 10° for 40 days, 35° for 164 days etc^We 
havem 

17° 5, we have, true Venus, 44°.5. This is close to the correct 46°. Th 1S exposes the tgnorance of the 
imposter. 



(f*) 'T(fg: ) ' *flrf W $l&*Rd: SI^ 
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3TgqcT(c*JT) ^clld ^'f^I^T^#TT: | 
'TjOTSt': ^J^I I chP ^o^TTT^T ^l^Hcjchti' || 60 || 

^T^^^(^^)T^TlT^cT:^ct3jr#T: || 6\ \\ 

|| 

Motion of Saturn 

79. Subtract 16,518 from the 'days', multiply by 3 and divide by 1 1 18. Take 
the remainder here and divide by 3. The days left over in the cycle are got. In 
18 days Saturn lags behind by 16V2°, and rises in the east. 

80-81. In 98, 14, 1 13, 98, and 13 'days', it falls behind 90V2°, 13°, 120°, 91°, 
and 1 2 ¥2°, respectively. Then Saturn sets in the west, and joins the Sun 
passing 16V2°in 19 days. 

Note 1. In verse 79, sathavarka is patently extra, forming syllables not required for the foot, and 
has been deleted by me as also by TS. astdbhih is corrected into astih by me, as also by TS, to conform 
to grammar and facts. In the rest of the minor corrections there is no difference between our 
corrections. 

In verse 80, I have retained the dvi in dvyunena, while TS have made it dyu, meaning one day, 
which is not necessary, and which leads into trouble later, needing further correction. The minor 
corrections are common to both. In 81, I have filled up the lacuna by (tyd sdrdha), while TS have 
made it (tibhirardha). The word is atijagati, and not atijagatih, which alone can justify TS's tibhih. 
Also, only sardhdrka can mean 1 2 1 /2 , but their ardhdrka can mean only 6 . 1 have corrected navati int6 
navaku keeping the nava. But TS have corrected it into atidhrti, making unnecessary changes in the 
lettering, though both of us mean the same. The rest of the corrections are minor, and are acceptable. 



79a. A.B.C.°^<+<=l4> (B/5&) m\\& 

b. B.^lfadlfiJ (B3.fST) 

c. A.-^m. A.B.qfflfa*Slfa(B1.2.faO 

d. A.C.*n#fc; B.^eraJ^; D.W«lfof^ 

80a. A.H<*lWH=lfd°; C . D . H<=tRl4°lRl : 

b. Al.B.C.D.fNft: 

c. B2-"?3^f 

d. C.D. [^T] ; Ms. A2. breaks off here. 
A1.7Tff?T 



81a. Al.^TT — x*F 

a-b. A.l.S.^^tB.^iRs^HBS.^t); 
C.°<4+fH«^d); D. [°^^#TS^fcf] 
b. Al.B.H<*fdfafofUM; 

C.3^I^fdRi^l*i; D.^[^]faf$3T>3; 
c. Al.H^k; B.WMlMk 
d. Al.^: 
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Note 2. The following is the table of motions: 
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1 


2 


3 


4 


5 


6 


7 


Total 


Degrees passed 


- 16V2° 


- 90V2 o 


- 13° 


- 120° 


- 91° 


- 12V2° 


- 16V 2 ° 


- 360° 




asta. 






vakra 






asta 




Given days 


18 


98 


14 


113 


98 


13 


19 


373 


Correct days 


18 


98 


14 


113 


98 


13Va 


18V2 


373 



Note 3. The supplementary verses end abruptly without the usual verses giving details about the 
author, his parentage, date of writing etc. 

Note 4. The colophon is simply "The star-planets of the Paulisa siddhdnta ends." But after this is 
found details about the scribe, his lineage, his time of writing, viz. 1673 Vikrama Sanwat, and 1538 
Saka, equal to 1616 AD, and the purpose of his copying the work, ('for his own reading and helping 
others', i.e., other astronomers). 

3T^mPT:W^:] || 

Col. Al.B.D.^lRH^Kl (B3tTi) wmt: (B adds^ | 

c. #r 4f^r?ifegH crrcw hihik^iIswt: 

Post-Colophonic statements: 

tg^Tltol^^ ^ĕj 3l€l? |^-#fafa[:] cTSg: ?fM(ft»T[:], <T^: 

qfeff ^TRT I (TfFPTt Qfed' l )l=K : I dW I ^H M^^lPd»! #TfeRTf I 

(H)qist^T«TT [^t]T^T^ I ?P7^1 I I 

B 1 .2.3. ^Ml4cRI#l [%]TfKTRT 
( B3. om.i) ^fe5ftTTO W<TT I 
(B3.^s> W?TI% W$ 

R"^R | ^tt^^TWT^TO^T 
RdRsldl 1 1 3WW-Ri<=llR-HI £p\§- 
SRRtTS^ i«+ IdRsld || # || 
C.^<W#<te<Nl4*dl MaR^lRHI <HHMI I 
D.^Wl4em^Plft<«J»dl M^RH<6jFd*l «HMI || 



Thus ends Chapter XVIII 61-81: A Spurious Supplement entitled 
'Computation of the Star Planets in Brief , to the Pancasiddhantika 

of Varahamihira 
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c^ĕTT9T%5^|<I 14.13 



cJOTtt^ra^R; 1 8 . 36 
^9T^T WN\ 16.4 
<AVlf^{*kVI 18.71 
<VIM<cblSf«h 3.3 
fc<j>Rqidic|Hj 1 .6 
t^TCRT: 

tct^RJT^T 11.4 
i<HcM<MRTB 1.1 
t^Te^cW*! 5.3 
(^HH&MHtHMimi 8.9 

Rh^M»>HMU 7.4 
l<Hc<Kil(dMFd 15.17 

R^euly i K 18.12 

^»^M<f>fa *lfM<9.21 

cpir «raiiOT^ 13.14 

cTTT? 18.63 

& I M<dg|pi 15.21 
^ I U I iHH 15.18 
^ITOT ^q|«KnqeF 1 .23 
tJJ<|UliehYsg 9.1 
^ntft*3P3JTf| 18.21 
^MVlfaH :^fT 14.31 
ITcTint*r: TT^T*T: 2.11 
tg^!THT4 ej% 14.4 
f§*J0tS$t %fflTI?T: 5.4 
tg£?i Wf 18.44 
cJSjq yish-^ehlH 12.2 

srt^rt^n 18.50 fn. 

qt^Ht§S?TT 18.50 
qt?PT0T«jt%4,-|i 
^^Rjl^dJ 14.18 

^ «h^ l ^iM 15.5 
•TlTcT. (slMii! 3.7 
H«MH I cfe 18.76 

H<ych<ill ^tg 18.39 fn. 
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•ktyttll ^fg: 18.39 

HclMW-dy i dl 9.11 
He|(<fi«r: 18.75 
Hd^m^u i 18.67 
Hcjimd^pT: 18.38 
H«l«l^lA4s? 18.38 fn. 
•kWkHjuk) 9.3 
HciyidU^ 9.2 
5fcTTrraf: 18.11 
Ha^m | U | tj 13.11 
^TT^: *TFTT 14.5 

^TrKTT: ^T^^raT 14.14 
f^RW 13.35 
HV±llRdfsi 6.1 

M^WIr^^yni 7.2 
tRgf^9T^5!IgaF 4.25 
WTITO 13.1 
WTSTOT 16.11 
<4^l¥ldl T5lt*r: 9.10 
"+yiyfifd ^K«TT 18.23 
M^ I W 18.78 
q^iTefcH V&&[ 3.5 
tpJtlT ?T?TT 13.41 
M^f^l4Md , «Tt 1.2 
M l lH¥lfdfcl 1 .4 
4ilH¥l<l«H> 1,3 
3T«RT:^TflT 18.17 
5TfrT^T^cTt% 13.32 
yMRcl^d 13.37 
MMlcjtWM/^ 13.20 
y^il^lH 18.62 
lKdle|sfqq 18.64 
Sim^^cT 12.4 

3jnrj^^i8.25 

^TtTtT VIV1T^ 6.12 
&UA$* 13.9 



«+>dfiH&S> 5.2 



«r^ra^?^ 3.19 

«UiHI MBI¥ll*d 14.34 
^ScTT 7Tt9TfcT^T 14.33 

WHcT^TTIT?! 3.31 
*IMlfc)^lMlFrlf8I 9.23 
?Rt%^lfMfolr|c( 13,6 

HcMlo^ 7T0T 2.8 
TT%iJvi<llcJ>M 9.20 
^TyJMMMI 8.15 
TTKTT^^rfcf 17.8 
TO Il 4,Hp«d 9.17 
*THJT$TT5rar 15.22 
TTW|I^|4||S| 2.10 
TTSJTT^ct^raja 14.22 
Tltznft UTq^ rTSTT 14.8 
tr^lTcTJTH 8.6 

^|c|l|i|W(y 4.15 
M^H^M^I 17.13 
HIM^n 3.34 
WTf«TqT ^STT^ 13.42 
Wff>^^TfT# 1.9 
ttT^HI^ ^ 13.10 
TTT% 5iia«h*l^i 18.53 fn. 
MHiy«¥IM#i 18.53 
HH*ir^ oijcbl-rl 4.12 
HH«t>d'J,u1k>4| 9.15 
■gplWITTtS1.17 
TTTT-t (dJMllHI: 15.11 
t > <lWM4MR 13.5 
MMrJHkjl t5P$5T 3.23 
AdcJMfM^H 13.12 
ANWMi t%c*J 13.28 
itollc^ cTJJT 3.1 1 
TTS RW<!i|<eJ»<i|| 18.42 
lelebHISJSTrT 4.13 

<Wr»KTjfl3T 1.5 
^rrlchW^ 14.26 
^UtE^- 15.7 
^TTra^TrTT^IS.IS 



<|c|HM<^| 3.13 
4jq&H fcT<J«Zirr^11.1 
*ll<4MiUdWi 14.24 

*ii«i)<pei^crr 5.8 

^l^c^M^I 14.2 
^W«iH»«fMUd 1.16 

13.13 
4WH«4£Hc|i$JTt 13.23 
4l*IH¥M I H 13.18 

<fc|ch^rT HeJM 10.1 
<(clV l iV I -i) :W12.1 
<(clVlfVI-il : ^ 8.2 
<|c(Vli>mH 8.17 
{4Q1$ cH4*eh|4|i 15.19 
<«i|UMet«$2.2 
W^TcTcT^ 17.2 
<^fem^<f>d 18.9 
Tt?rttg!TlT 18.73 
^llMNdjy^ 16.5 
<lfVI^HMcbM^I 4.29 
■UtiM/jilH ^5F> 6.10 
TT^: «M<ej>fd 6.2; 7.5 

^cpwnr^i.io 

^m*^IMehH^S|: 1.15 
<1Hch^T 8.1 
ilMch^Aui 3.35 

f^T5EFTjcT5R8.11 
cTfT«r>TsT 15.20 
H^ I W I ^rat 13.26 
^til«¥ll!iH 2.13 
c?T« |eJ^cM)«|| 4.21 
HaWI^HIH ĕHTt% 4.54 
HMeh^Rj l d l 4.56 
(H«<ll*4iH 11.6 
Ici<<in»ici«h 4.17 

gchjii<jyehg^l 3.30 
«Wldfidfel 18.4 
TWTrA^ 18.56 
c|ch l H>|chch l Hl 17.11b 

g^ttar^wisn 18.20 
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RhBwiA: 18.33 

g^fftmg^f 1.21 
crarr^^ta?ri.i4 

ct^rn »TJ|UIMehY 4.37 
g^^RRim^T 1.22 
ĕTcf cT«f ^jf=T?t 15.14 
ST^W 4.30 

fikif?rcfg:*rT«rf 3.10 

leWtd&nMd l 18.48 
tcT^MehHlehld 6.3 
t5$McH?$m 10.3 

t^^rt^ratHr 6.7 

tsr^TT^^kl^ll 14.38 

foddjMvi 18.6 

t%«jt%9TTW 18.79 
fJH^I^*T^3.4 

tapnqt?^mt 14,9 

RwAdKH 3.22 
tera^jot 10.2 
RlV i rV l e<^t 18.70 

t^nr^nit 2.4 

RHKHUtcU 18.28 

fg^fg 18.77 

{cJtjeh^illstljaTT 14.39 

^^el^HWM 4.20 
(d^clrrllsllST: 13.29 

^fgĕFwn# 3.29 

cTJTt?TC?TC: 2.12 
oyWchlPd^lWl 4.26 
oqRTTsfeT^#: 4.2 
ot | ohMcfofcflfci 2.6 
oj > MWMH 9.8 

?Tffv6T^RTT>4.19 
V I 4ft»jfl!HI<9« 9 22 

V l fVlfdRH 6.4 
?Tf?TMfTt«R[?n^ 6 . 8 
^I^IMSIT^ITTo^ 5.7 
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?rt>Trenrafn 9.4 

¥UMd.H 2.7 
^TtfTTR«n 17.3 
VnW|ttiir4ohl r 17.1 
TttaT^T*^ 1 7.4 
Vjsf>Sl f|Ld*lfj! 17.11 
^i^ohl^lWI 8.5 
5>h«Mi: 4.6 
^tfĕ54.3 

tJe^hcHI sTlHJjill'! 18.19 
q^l4t<^k«b)<tl 4.8 
M<RVI<«*iTbl 18.35 
«IjyMriM/dl 3.24 

M3vrrffl M^yidT 13.19, 25 

^ljtSSJ TĕTST, 4.48 
N^Mo)< 18.16 
H^tl^mejj 18.10 
M^tclM^ : 18.68 
«(gUI *jt% 3.26 
t|fy^U| ^5 18.3 
M^r^JWlW-i 13.22 

My*jRloK^3.8 

^srrg^TT 18.69 

tTTSVT ĕpw 18.18 

TtjjtMTJ? 15.3 
^oh^d: 13.27 
^eb^cl Tfct 15.4 
Ft5FJ^q 11.3 
T-RZJT sbfol<15.27 
TT^cbHI 9.12 
^Ld<VliaRvld.6.11 
T^TTtyĕl^^ 1 .8 
UMl^d t%^T5T: 1.20 
WMdlcU ^rtST 18.26 
HM^'IUliVlcb 14.21 
44MMU3H 1.7 
TTMMU3H 131^4.36 
HMfrl><IH[ 8.14 
KMcjrlijjjMH 14.23 



^HlRr^cl 6.9 
TTefS5Ff\TT 18.74 
T4cf T"f>ZT: TSJTct 17.10 
MlHMdcM 13.3 
^fHHM*i VlfVIH 13.36 
*jlH<*H TPT cpoTT 13.30 
TTtcTrn^T: VIVII$I<5.6 
WKRmPiR 3.12 
» I IVf)(dcbl^H 14.1 
RjgW cT?J 16.9 
t^TTOt^ 18.46 fn. 
tTT^^TWpTT 18.46 
Rh«$h4I : 3.18 
fadcMHST: 3.18 fn. 

RrdyHti 16.8 

^l^^mid 14.20 
T^TOTt^SRsR 14.15 
TJ?femrf 15.26 
TJ^f3TTUT 15.1 
fl«hK l ¥l ^TPt 12.3 
^ebl^ M^IVId,4.7 

TTgW 16.3 
TTT^T*ntCTfT 9.9 
felfd<Hfc|M^ 6.6 
^bdMftlldfc|^ 3.37 
*Mj»efeHcM 17.12 
TM^M«m 18.24 
HhdRltcU 17.7 

WMR^^Id 17.5 
^ilc^MH 13.34 
W*cTT£fTte9.16 

wicbyif« 3.1 

^ ^|4||fM^ : 6.14 

*ScTT g^Rt^ilH, 18.37 
ITWTjfqrJ1.25 
^R-jllMtd WT 14.77 
IT^st5g^f5Vt 14.35 
%oTT HrTMJpT 18.1 
^l<lfyMid 15.16 
gU l cTldMcl 15.28 
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INDEX OF PANCASIDDHANTIKA verses 
QUOTED BY LATER ASTRONOMERS 

1. Makkibhatta's Com. on the Siddhdntasekhara of Srlpati : PS XIII.36; XV.17-20 (5 verses) 

2. Nllakantha Somayaji in his Jyotirmimamsa : PS 1.3, 4; XV.20 (3 verses) 

3. Nllakantha Somayaji in his Bhdsya on the Aryabhatiya : PS 111.21; XIII.l, 10; XV.20 (4 verses) 

Nilakantha quotes two more verses from the Pancasiddhdntikd, which, however are not to be 
found in the present edition of the work : 

See Nllakantha on ABh IV. 10 : 

Again, *clR4>l«TT% — 

4. Paramesvara's Com. on the Aryabhatiya : 
PS XIII. 12(1 verse) 

5. Prthudakasvamin's Com. on the Khandakhddyaka of Brahmagupta : 
PS. XIII.2-3, 5-6, 9, 1 2, 27, 35 (8 verses) 

6. Suryadevayajvan's Com. on the Aryabhatiya : XIII. 1, 3, 36. 

7. Utpala's Com. on the Brhatsamhitd of Varahamihira : 

PS. 1.1, 8-10, 16-22; 11.13; III. 1, 10, 21, 25; IV.20-23, 27-28. 30-33, 35-36, 38, 41-44; 48-49; 
V.l-10; VI.9-10, 15; VIII.l, 9-18; IX. 1; XII.l-3; XIII.l-34, 39-42; XIV.33, 39-40; XV.15, 
18-29; XVII.4-5 (1 17 verses) 
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BHUTASAttKHYA (OBJECT NUMERALS) 
Used in the Pancasiddhantika 



aksa 


5 


carana 


4 


randhra 


9 


aksi 


2 


jala 


4 


ravi 


12 


agni 


3 


jaladhi 


4 


rasa 


6 


anka 


9 


jina 


24 


rama 


3 


atijagatl 


13 


tanu 


8 


rudra 


11 


adri 


7 


tithi 


15 


rupa 


1 


anala 


3 


tiksnarhsu 


12 


lavanoda 


4 


abdhi 


4 


darsa 


2 


vasu 


8 


amara 


33 


dahana 


3 


vahni 


3 


ambara 





dik 


10 


viyat 





arka 


12 


dinanatha 


12 


visva 


13 


arnava 


4 


divapa 


12 


visaya 


5 


artha 


5 


divakara 


12 


veda 


4 


asva 


7 


dhrti 


18 


vyoman 





asvi 


2 


nakha 


20 


sara 


5 


akasa 





nayana 


2 


sasanka 


1 


asa 


10 


naraka 


40 


sasi 


1 


ina 


12 


naga 


7 


sikhin 


3 


indu 


1 


paksa 


2 


siva 


11 


indriya 


5 


bana 


5 


sitakara 


1 


Isvara 


11 


bindu 





sitarasmi 


1 


utkrti 


26 


bhava 


11 


sitamsu 


1 


rtu 


6 


bhaskara 


12 


sunya 





kara 


2 


bhu 


1 


samudra 


4 


ku 


1 


mandala 


12 


sagara 


4 


krta 


4 


manu 


14 


svara 


7 


krti 


20 


mahi 


1 


svargesa 


11 


kha 





muni 


7 


himarhsu 


1 


gagana 





murcchana 


21 


hutabhuj 


3 


guna 


3 


yama 


2 


hutasa 


3 


ghana 


4 


yamala 


2 


hutasana 


3 


candra 


1 


yuga 


4 


hotr 


3 
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INDEX OF PLACES, PERSONS AND TEXTS 
Cited in Pancasiddhantika 



Arkasiddhanta : See Saurasiddhanta 

Arhat, XIII.8 

Avanti,XVIII.61 

Aryabhata, XV.20 

Avantyaka : See Varahamihira 

Ujjayini,XIII.l7,21 

Kukaranakara, II 1.3 7 

Kuru, XV.22 

Ketumala, XV.22 

Jayanandi, XVIII.62 

Padaditya, 111.33, (34), 

Purvacarya-s, 1.2, 

Paitamaha-siddhanta, 1.3; XII. 1 

Paulisa-siddhanta, 1.3, 4, 10, 1 1 

Pradyumna, XVIII. 62 

(Brhat) Samhita,XV.10 

Bhadravisnu, III. 32 

RhaHrasva. IV. 22 



Bharatavarsa, XV. 22 

Meru, XIII.5, 12, 18, 21, 27; XV.5, 6, 11 

Yamakoti, XV.23 

Yavana,IH.13;XV.19 

Yavanapura, 1.8; III. 13; XV. 18, 25 

Romaka, XV.23, 25, 

Romakavisaya, XV. 2 3, 25 

Romaka-siddhanta, 1.3, 4, 10, 15; 111.35; VIII. 1 

Lanka, XIII.9, 17,19, 26, 29, 32; XV. 19, 20, 23, 2o 

Latadcva, Latacarya, 1.3; XV.8 

Varahamihira, Avantyaka, XVIII.61, 63, 65 

Varanasi, III. 13 

Saka, Sakendra, 1.8; XII.2 

Savitra : see Saurasiddhanta 

Siddhapura, XV.23 . 

Saura-siddhanta, Arkasiddhanta, Savitra, 

I.3,'4, 14;IX.l;XVI.l 
Himadri, III. 12 
Horatantra, 1.22 
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Brhadyatra of Varahamihira, ed. (with a fragment of Utpala's com.) by David Pingree, 
Madras, Govt. Or. Mss. Library, 1972 

Varahamihira, C. Urpala 
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Abhra, 24 
Adar, 24 
Adhikamasa, 17 
Adityadasa, xxviii 
Agastya, xxix 
Agastyodaya, xxix, 278-81 
Agni, 24 

Agra, 113-14, 126, 131, 

133, 135, 136 
Ahargana, xxvii, 241, 243^ 
Aharmana, xxvii, 34-35, 

51-52, 246-47 
Ahurmazd, 24 
Aja, 24 

Aksadrkkarma, 143, 148, 

150, 351 
Aksaksetras, 129 
Aksamsa, 267-68 
Aksavalana, 184, 185 
Alexandria, 10, 288 
Almagest, 10 
Amordad, 24 
Amplitude, 114, 126, 131 
Anala, 24 
Aneran, 24 
Angiras, 4 
Anna, 24 

Anuvakra, 334, 335 
Anuvarnana, 240 
Anuvatsara, 242 
Apamandala, 236-38 
Ardhakapalayantra, 271 
Ardharatrika (ratra)-paksa, 

4, 17, 197, 200, 209,210, 

289, 293, 294,311 
Ardibahesht, 24 
Arhat, 250 
Arkagra, 131 
Armillary sphere, 272-73 
Aruna, 4 

Aryabhaja, xxvii, 17, 92, 
196^197, 198, 200,210, 
252, 289, 311 



Aryabha(iya, xxvii, xxviii, 
3, 5, 10, 26, 42, 44, 59, 
60, 61, 62, 196, 198, 205, 
210, 223, 289, 292, 
299, 371 

Aryabha(iya-bhasya, xviii 

Ascending node, 67 

Ascensional differences, 
261-62 

Ashisvang, 24 

Ashtad, 24 

Asman, 24 

Astronomer, bad, 74; 
qualifications of, 112 

Astronomical observation, 
257-58 

Asura, 248, 249, 251 

Ativakra, 334, 335 

Atri, 4 

Audayika-paksa, 293 
Avan, 24 

Avanti, xxi, 353. See also 

Ujjain 
Ayana-drkkarma, 143, 

150, 351 
Ayanamsa, 68, 73 
Ayana-valana, 164 

Babylonian astronomy, 316 
Babylonians, 291 
'Bahu', 126 
Baladeva, 24 
Balava, 57 
Banaras, 51, 52, 53 
See also Varanasi 
<Base', 126, 132, 135 
Baudhayana, 139 
Bava, 57 
Behram, 24 
Bhadrasva-varsa, 290 
Bhadravisnu, 71 
Bhadra (visfi), 57 
Bhagola, 85-87 



Bharata-varsa, 290 
Bhaskara I, 4, 62, 129 
Bhaskarall, 118, 129, 207 
261 

Bhaftotpala, 4, 10, 179, 
187, 244, 292, 293, 
30 1 , 3 1 0. See also Utpala 

Bhau Daji, 10 

Bhava, 24 

Bhoga-rekha, 272 

Bhrgu, 4 

Bhubhramana, 249-50 
'Bhuja', 131, 132, 133, 

143, 144, 145, 146 
Bhujantara, 54, 209 
Bhumi, 24 
Bhutasankhya, 372 
Bija correction of VM for 

planets, 299 
Bimbamana, 189-90, 215-16 
Brahma, 4, 5, 24 
Brahmagupta, xxvii, xxviii, 

4, 5, 196, 197, 289 
Brahman, 24 
Brahmasiddhanta, 5 
Brahmasphutasiddhanta, 

xxvii, xxviii, 3, 5, 60, 70, 

293 

Brhadyatra, xxix 
Brhadyogayatra, xxix 
Brhajjataka, xxviii, xxix, 
286 

Brhatsamhita, xxviii, 
xxix, 3, 4, 10, 17, 22, 62 
68, 179, 293, 354, 371 

Budhacara, 340 

Budhasphuta, 342-60 

Burgess, J., xix 

Caitra-paksa, 44 
Cakrayantra, 272 
Calendar reform, 73 
Candracchaya, 123-25 
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Candragrahana, xxvii 

See also Eclipse, Lunar 
eclipse 
Candramsa, 269 
Candrasphuta, xxviii, 27 
Candrasrngonnati, 

137-51 
Canopus, 278-81 
Cara, 48-49, 57, 98ff.,261 
Cara-karana, 57 
Carakhaiuja, 48, 49 
Cara-vinadi, 49, 50, 

100, 105 
Cardinal directions, 

269-70 
Catuspada, 57 
Celestial equator, 86 
Celestial sphere, 270-71 
Chaya, 284 
Chedyaka, 267-81 
Chedyakayantrani, 267-81 
Christian Calendar, 73 
Comet, 69 

Conjunction of the Moon 
with a Star, 276-78 

Correction for the 
Equation of the centre, 54 

Cosmogony, 248-61 

Cyavana, 4 

Daily motion of the Sun 

and the Moon, 185 
Daksinayana, 60, 176, 

177, 248 
Daksinottara, 271 
Day, duration of, 246-47 
Day, lordof, 21-23, 

287, 291 
Day-diameter, 96-98 
Day-reckoning, 289 
Days from Epoch, 5, 8, 10, 

11,25, 26, 197, 241-43 
Day-time, 34-35, 51-52 
Declination, 85-90 
Declination of the Moon 

87-90 



Declination of the Sun, 

87-90 
Demons, 248, 249 
Depadar, 24 
Depdin, 24 
Depmohr, 24 
Desantara, 51-53, 209, 

274 

Desantara-nadi, 51 
Descending Node, 67, 69 
Devas, 248, 249 
Dhana, 78 
Dhanada, 24 

Dharma-sastra, 10, 69, 74, 

139, 251 
Dhatri, 24 
Dhruva, 286-87 
Dhruvakaranl, 77 
Dhumaketu, 68 
Dig-jya, 113-15 
Dikshit, S.B., xix, 10 
Din, 24 

Dinaganana, 288-91 
Dina-vyasa, 96-98 
Diophantine equation, 
293 

Directions from shadow, 

126-32 
Directions, problems of, 

76-130 
Dragon's head, 67 
Dragon's tail, 67 
Drekkana, 258 
Drksepa, 187-89 
Drksepa of the Sun, 

219-20 
Druma, 24 

Duration of a day, 246-47 
Duration of the Eclipse, 

230-35 
Duryavana, 4 
Dvadasamsa, 258 
Dvapara, 293 
Dvivedi, See also 5, 19, 20; 

Sudhakara Dvivedi, TS 
Dyauh, 24 
Dyugana, 7 



Earth, 248 

Earth, measures of, 253 
Earth, situation of, 248 
Earth's shadow, 228-30 
Earth-sine, 118-21 
Eclipse diagram, 236-40 
Eclipsĕ, duration of, 

225-27 
Eclipses, 195-96, 232-86 
Ecliptic, xxvi, 236-38 
Egypt 10, 288 
Epicycles of the planets, 

300-1 

Epicyclic theory, 206-9 
Epoch, 7, 30, 59 
Epoch constant (ksepa) 

for Jupiter, 297 
Epoch constant for Mars, 

297 

Epoch constant for 

Mercury, 298 
Epoch constant for 

Saturn, 297 
Epoch constant for Venus, 

298 

Equation of the centre, 
47-48 

Farwardin, 24 
First point of Aries, 73 
First sine, 118-21 
Five Schools of Astronomy, 
4 

Five siddhantas, compara- 
tive study, xxvi-vii 

Ganitakaumudi, 265 
Garga, 4 
Gargya, 4 

Gati, 27, 312 passim. 
Gavam-ayana-satra, 60 
Ghana, 13, 27, 28, 30, 31 
Ghaji-yantra, 275-76 
Gnomon, 91-220 ff„ 267-68 
Gnomonic shadow, 35 ff. 

90-136, 113 
Go, 24 
God, 250 
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Gola, 261 

Golabandha, 272-73 
Gosh, 24 
Govad, 24 

Govindasvami, 61, 91, 311 
Grahanaparilekha, 195-96 
Grahastodaya, xxvii 
Graha-viksepa, 310 
Grahodaya, 309-10 
Graphical methods, 261-67 
Grasa-pramana, 234 
Greatgnomon, 110-12, 130 
Greece, 289 
Greek, 17 
Greenwich, 209 
Grisma, 65 
Guha, 24 
Gurucara, 316-22 
Gurusphuja, 361 

Hali, 24 
Hara, 24 

Head of Rahu, 68 
Heliacal rising of the 

planets, 310 
Hemanta, 65 
Hemispherical Bowl, 271 
Herodotus, 17 
Hoop, 272 
Hora, xxviii, 144 
Hora,lordof, 20-23, 291 
Hora, lords of, 287, 291 
Horasastra, xxix 
Hora-Tantra, 22 
Horoscopy, xxviii 
'Hypotenuse', 6, 143, 

144, 145, 146 

Idavatsara, 242, 243 
I^vatsara, 242, 243 
India as seen by 

Varahamihira, xxviii 
Indra, 24 

Instruments, 267-81 
Instruments for measuring 

time, 274 
Intercalary month, 8, 17, 

241-42, 290 



Isa, 65 

Istakalacchaya, 115-23 
Isjakalagrasa, 232-34 
Isjantya, 118 

Jain religion, 250 
Jambudvipa, 290 
Jataka texts, xxviii 
Jews, 10 

Junction-Stars, 277-79 
Jupiter, xxi, 316-22; 
-ksepa of, 297;-mean, 
294-99; -motion of, 361;- 
rising of, 316-22;-yuga 
revolutions, 296 
Jyautisopanisat, 282-91 
Jyotirmimamsa, xviii, 3, 4, 
5, 289, 371 

Kaksa,214-15;-ofthe 
Moon, 214-15;-of the 
Sun, 214-15 

Kala, 24 

Kalabhaga, 309-10, 352-53 
Kalalokaprakasa, 59 
Kalamanayantra, 274 
Kala-rekha, 272 
Kali, 293 
Kali year, 9 
Kalidasa, 138 
KamaIodbhaVa, 24 
Kapitthaka, xxviii 
Karana, xxvi, 5, 40, 57-58 
Karana-grantha, xxvii 
Karanavatara, 3 
Karani, 77-80 
Karmanibandha, 289 
Kastha, 63 
Kasyapa, 4 
Kaulava, 57 
Kendra, 40 
Kepler, 206 
Ketu, 68, 69 
Ketumala-varsa, 290 
Kha, 24 

Khagola, 92-94, 270-71 
Khagolardha, 271 



Khandakhadyaka, 4, 17, 
197, 198, 200, 205, 209, 
210, 289, 293, 310 

Kharega, M.P., xix 

Khurdad, 24 

Khurshed, 24 

Kimstughna, 57 

'Ko|i', 126, 143, 144, 
145, 146 

Kranti, 85-90 

Krantivrtta, 86 

Krta, 293 

Ksepa, 8, 15, 30 

Kuhu, 139 

Kujacara, 328-39 

Kujasphu^a, 357-59 

Kujtaka, 293 

Laghubhaskariya, 61 
Laghujataka, xxix 
Laghusamhita, xxix 
Lagna, 150, 256;-from 

shadow, 37-39 
Lalla, 261 
Lambajya, 96-98 
Lambana 172-75, 187 
Lambitaparvanta, 221-23 
Lanka, 253, 289 
Lanlcodayamana, 216 
Lankod^ya-rasimana, 102-4 
Lafadeva, (La(acarya) 

4, 5, 288 
Later : See also Modern 
'Later' Surya-Siddhanta, 

4, 293, 294, 331 
Latitude,-from cara, 

100-10 l;-from shadow, 

91-92; of planets, 310 
Latitude-caused triangles, 

129 

Local, latitude, 268;- 

longitude, 274 
Lord, of the day, 20, 21;- 

of the degree, 23;-of the 

month, 19-23 
Lords,-of the day, 297;- 

of the horas, 287; - of the 
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months, 260;-of the week- 
days, 21-22;of the year, 
18, 19, 22 
Lunar, 228-35;-days, 290; 
-eclipse, 152, 228-33 

Madhava, 65 
Madhu, 65 
Madhyajya, 216-18 
Madhyalagna, 217 
Magadhadvija, xxviii 
Magan calendar, 23 
Magas, 23 
Mah, 24 

Mahabhaskariya, 17, 26, 
49, 52, 54, 60,91, 131, 
143, 293,310,311 

Mahabhaskarlya-bhasya, 
59 

Mahadosah, 60 
Mahalayapaksa, 64 
Mahavyatipata, 60, 61, 62 
Mahayatra, xxix 
Mahayuga, 201 
MakkibhaRa, xxviii, 

259, 288, 371 
Manda-Vrtta, 206 
Manes, 64, 283-84 
Manu, 4 
Marespand, 24 
Marici, 4 

Mars, 309;-mean, 294-99; 

-motion of, 328-29, 

357-59; - yuga 

revolutions, 297 
Masadhipa, 20 
Mean, Moon, 198-201; 

-planets, 293;-Sun, 26, 

197-98 
Meher, 24 

Mercury, xxi, 307-9;- 
ksepa of, 298; 
-motion of, 337, 339-50, 
359-60;-Sighra of, 
294-99;-True, 342-60; 
yuga revolution, 298 

Meridian, 271 



Meru, 248, 290 
Mid-day shadow 251 
Minutes into angles, 240 
Modern : See also Later 
Modern Surya-Siddhanta, 
4, 5, 16, 210, 216, 293 
Month, lord of,,20-23 
Moon, daily motion, 
185-86;-daily rising and 
setting, 147-51;- true 
motion, 45-47. See also 
Mean Moon, True Moon 
Moon-day time, 148, 149, 
151 

Moonrise, 138 ff., 148, 
149, 150, 151 

Moons, two, 250 

Moon's,-anamoly, 211;- 
ayana, 141 ff.,-cusps, 
1 3 7-5 1 ;-declination, 
87-90;-kaksa, 214-15;- 
latitude, 69-71;-longi- 
tude, 269;-luminosity, 
258-59 ;-naksatra, 243;- 
orb, 191-93 ;-shadow, 
1 23-25 ;-visibility, 137-45 

Moonset, 138 ff., 148, 149, 
150 

Muhurta, 33 

Mula-dhruva, 30 

Muslim, 10, 139 

Nabha, 65 
Nabhasya, 65 
Nadiyantra, 275-76 
Naga, 57 

Naksatra, xxvi, 5, 33-34, 
40, 55, 245-46;-Compu- 
tation, 54-55 
Naksatranayana, 54-55 
Naksatrasthana, 277-79 
Naksatra-tithi, xxvii 
Narada, 4 

Naraka-caturdasi, 64 
Nati, 175 ff., 189-90, 

223-25 
Natural astrology, xxviii 



Navaipsa, 256 

Naa-ratnas, xxviii 

Naugebauer, xiv, xx, 3, 5 
See also NP 

Newton, Isac, 206 

Nilakandia Somayaji, xviii, 
3, 4, 248, 289, 371 

Niraya, 24 

Nirayana, 104 

Niyati, 24 

Node, 67-71 

Nonagesimal, 188-89 

North-polar region, 284 

North pole, 251, 255, 256, 
257, 258 

NP, xiv, xv, xxii, xxvii, 
5,6, 10,11,15, 19, 20,21, 
23, 33, 41, 54, 63, 67, 
101, 110, 125, 142, 147, 
151, 154, 156, 160, 162, 
165, 167, 168, 178, 179, 
189, 191, 200, 216, 261, 
282, 285,312,313,315, 
316,317,318,319, 320, 
321,323, 325, 326, 328, 
330, 331, 332, 333, 336, 
337, 340, 341, 343, 350, 
355, 357, 362, 363 

Oblique ascension, 48-49 
Obscuration of Moon, 

232,34 
Omitted days, 290 
Orbs, 215, 16 
Orient Ecliptic Point, 37 
Original Saura, 210, 216. 

See also Saura 

«Pada', 27, 28, 30, 46 

Padaditya, 71 

Paitamaha, (Siddhanta), xiii, 

4, 5, 25, 34, 61, 152; 

241, 47; - Content analysis, 

xxvi 

Pancasiddhantika, 
Content analysis, 
xxii-xxv 
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Panca-siddhantas, 4 
See also Five schools, 
Five Siddhantas 
Panchanga, 73 
Parahita, 355-65 
Parah purusah, 24 
Parallax, 172, 190 
Parallax-corrected New 

Moon, 221-23 
Parallax correction and 

orbital diameter, 189-90 
Parallax in latitude, 176, 

223-25 
Parallax of longitude, 

172-75, 187 
Paramesvara, xviii, 3, 

91,251,371 
Parasara, 4 
Parasara-Siddhanta, 4 
Parivatsara, 242 
Paulisa Siddhanta, xiii, 
xxi, 4, 10, 11, 12, 13, 14, 
15, 26, 42, 66, 68, 70, 76 
137-51, 152, 172-80, 
196, 197, 205, 217, 224, 
235, 265, 288, 292, 293, 
310,312-53;-content 
analysis, xxv 
Paulisa-ksepa, 11 
Paulisa-moon, 14 
Paulisa-yuga, 16, 17, 18 
Paurukutsa, 4 
'Perpendicular', 126, 131, 

133 
Pi, 76-77 

Pingree, D., xiv, xvii, xviii, 

xxi, xxvii-3, 5, 261 

See also NP 
Pitamaha,-Siddhanta, 4, 5, 

See Paitarnaha-Siddhanta 
Pitr, 24 

Place, problems of, 76-130 
Planetary days, 290 
PIanets,-epicycles of, 

300-l;-their situation, 

259-60 
Poles, 286-87 



Prabhakara, 60 
Pradyumna, xxi, 353, 355 
Prajesa, 24 
Pravaha, 249 
Precession of the 

equinoxes, 65 
Prime vertical, 106, 113, 

271 

Prthudaka, xviii, 3, 60, 
248, 249, 251, 259, 371 
Prthuyasas, xxviii 
Ptolemy II, 17, 196, 205 

Rahu, 40, 67-71, 152, 
186-87, 201-3, 286, 293 

Rahu's head, 67 

Raivata Paksa, 44 

Ram, 24 

Rama, 72 

Ramayana, 72 

Ranganatha, 293, 308 

Rashna, 24 

R Sines, 86-87 

R sine of the Sun's Zenith 
distance, 264,66 

Rashtriya Panchang, 73 

Rasi division, 252 

Rasyudaya, 104-6, 266 

Ravi, 24 See also Sun 

Ravidrksepa, 218-20 

Ravigrahana, xxvii 

Ravisphu{a, xxvii 

Reduction to the 
equator, 54 

Rekhamsa, 268 

Retrograde motion, 309 

Rgveda, 69, 246 

Right ascensional 
difference, 102-4 

Right ascensions of the 
signs, 266-67 

Rising and setting of 
Planets, 312-53 

Rising signs, 104-6 

Romaka (Siddhanta), xiii, 
xix, 4, 5, 7, 8, 10, 11, 14, 
26, 31, 32, 42, 43, 44, 66, 



70, 73, 74, 152, 181-197, 
205,213, 225, 288,313;- 
Content analysis xxv 

Romaka-ksepa, 11 

Romaka-pura, 290 

Romaka-Yuga, 8, 16, 17, 
18, 184, 195 

Romasa, 4 

Rome, 290 

Rotation of the Earth, 
249-50 

Sadasitimukha, 64 
Sadaslti-punyakala, 64-65 
Sahas, 65 
Sahasya, 65 
Saka era, 9 
Saka year, 8, 1 1 
Sakuni, 57 

Samakala, Samalipta, 152 ff. 

Samamandala, 113, 271 

Samasasamhita, xxix 

Sama-sanku, 106, 110-12 

Samhita, xxviii 

Samirana, 24 

Samvatsara, 242 

ISanaiscara, 69 

Sanicara, 322-28 

^anisphuja, 363-65 

Sankaranarayana, 61 

Sankasya, xxviii 

Sartkramana, 66 

Sankrantikala, 65-66 

Sanku, 220 ff., 267-68 

Sankucchaya, 35, 

90-136, 113 
Sankulipta, 118 
Sankutala, 126, 129, 130 
Sankvagra, 126, 129, 131 
Sarad, 65 
Sarosh, 24 
Sarpamastaka, 59 
Sasi, 24 

Sasitarayoga, 276 
Sastra, 24 

Sastry, T.S.K., xix, 25, 261 
Sa(pancasika, xxviii 
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Saturn, xxi, 316;-ksepa of, 
297;-mean, 294-99;- 
motion of 322-28, 
363-65;-yuga revolu- 
tions, 297 

$aunaka, 4 

Saura (Siddhanta), xiii, 
xix, 4, 10, 11, 12, 16, 
197-235, 17,31,32,40, 
44, 66, 76, 152, 198, 
228, 235, 289, 293, 
296, 300,311,353, 354; 
Content analysis, xxvi 
Sauradina, 356-57 
Saiira-Samhita, xiii, xix 
Saura-yuga, 198, 201 
Savitr, 24 

Sayana, 65, 104, 105 

Seasons, 65 

Secrets of Astronomy, 
282-91 

Shadow, 3, 8, 115;-at 
desired time, 115-23;- 
diameter of, 228-30;- 
from time, 122-23;- 
gnomonic, 35ff.; 90-136 
See also Gnomonic 
shadow 

Shadow-hypotenuse, 126, 
129, 130, 135 

Shahrivar, 24 

Shastri, Ajay Mitra, 
xxviii, xxix 

Shukla, K.S., xix, 3, 20, 23, 
25, 75, 261 

Siddhantasekhara, xviii, 
3, 240, 371 

Siddhanta Siromani, 32, 
43, 44, 49, 63, 124, 130, 
143, 185, 189, 207, 304, 
308 

Siddhapura, 290 
Sighra-kendra, 302 
Sighra-vrtta, 206 
Sign, 252 
Simhacarya, 289 
Sine amnlitude, 113-15 



Sine Co-latitude, 96-98 
Sine Zenith distance of 

meridian pt., 95, 216-18 
Sinivali, 139 
Sinjinl, 78 
Sisira, 65 
Sky-sphere, 92-94 
Solar-day, 64;-eclipse, 

152, 172-227 
Solstices, 65 
Soma, 4 
South pole, 251 
Spandarmad, 24 
Spheric, 261 
Sphu{agraha, 301 
Sphutakarma, 300-1 
Sphu{atithi, 269 
Spurious Supplement, 

355-65 
Sraddha-tithi. 244 
Sri, 24 

Sridhara, 265 

Sripati, xviii, 3, 60, 371 

Star-planets, Computa- 

tion of, 355-65 
Stellar sphere, 85-87 
Sthira-karana, 57 
Suci, 65 

Sudhakara Dwivedi, xiii, 
xvii, xviii, xx, xxvi, 68, 
312. Seealso TS. 

Sukla-Yajurveda, 65 

&ukra, 65 

Sukracara, 312-16 

&ukrasphu{a, 362 

Suksmajataka, xxix 

Summer Solstice, 65 

Sun, daily motion, 56, 
1 85-86 ;-declination of, 
87-90 ;-drksepa of, 
219-20; from shadow, 
132-36; kaksa of, 214- 
15;-longitude of, 268; 
northward and 
southward journey, 273; 
orb of, 191-92;-visibility 
of, 253-56. See also Mean 



Sun, True Sun, Solar 
Suns, two, 250 
Sunset, 121-22 
Surya, 4 

Suryadeva Yajvan, xviii, 

248, 259, 371 
Suryagra, 129, 130, 131, 

133, 135, 136 
Suryaprajnapti, 59 
Suryasiddhanta, 4, 10, 16, 

17, 41, 43, 44, 52, 53, 54, 

60, 61, 64, 182, 205, 308, 

309,310 
'Sutram', 118 
Svalpajataka, xxix 
Svalpavivahapatala, xxix 
Svalpayatra, xxix 
Svarga, 24 

Synodic Cycle, 314-16 

Taddhrti, 130 
Taitila, 57 

Tamobimbamana, 228-30 
Tantra, xxviii 
Tapas, 65 
Tapasya, 65 
Taru, 24 

Thibaut, xiii, xvii, xviii, 
xix, xx, xxvi, 3, 5, 80, 
165, 300, 312; Seea/so 
TS 

Three problems-Time, 
Place, and Direction, 
76-130 

Tikanikayatra, xxix 

Time, after sunrise, 118- 
21;-for sunset, 121-22;- 
measuring, 274-75;- 
problems of, 76-130 

Tir, 24 

Tithi, xxvi, 5, 14, 32, 33- 

34, 40, 55, 245-46 
Tithi-nadika, 221 
Total obscuration, 235 
Treta, 293 

Tribhonalagna, 187-89 
Tridinasprg-yoga, 66-67 
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Trljya, 78 

Trimsamsa, 256 

Trisatika, 265 

True, Moon, 27-33, 183-85, 
203-6;-motion of Moon, 
211;-motion of Sun, 212- 
13;-planets, 300, 302;- 
Sun, 25-27, 203-6;-tithi, 
269 

TS, xiii, xiv, xv, xvi, xx, 
xxii/5, 6, 10, 15, 19, 20, 
21,25, 28, 32,33, 34, 39, 
41,44, 47,54, 59, 63, 67, 
68, 70,71, 80,91, 101, 
110, 117, 125, 136, 142, 
147, 151, 153, 156, 160, 
162, 165, 167, 168, 178, 
179, 189, 191, 200, 201, 
214,216,218, 221,223, 
230, 234, 235, 244, 246, 
282, 284, 285, 294, 296, 
299, 300, 301, 304, 307, 
310,312,313,315,316, 
317,318,319, 320, 321, 
323, 325, 328, 329, 332, 
333, 336, 337, 340, 341, 
343, 350, 355, 356, 357, 
358, 361, 362, 363, 364. 
See also Dvivedi; 
Sudhakara Dvivedi; 
Thibaut 

Udayantara, 54, 209 

Ujjain, 10, 26, 32, 33, 36, 
51, 52, 53, 184, 195, 196, 
197, 198, 200, 209, 210, 
212, 251, 252, 253, 254, 
255, 288, 289, 294, 353. 

Unmandala, 93, 99, 105, 
106, 108, 150 

Urja, 85 

Utpala, xviii, xxviii, xxix, 
3, 16, 19, 20,21,22, 41, 
48, 62, 65, 92, 102, 111, 
115, 121, 137, 147, 166, 
191, 197, 241, 243, 248, 
249, 251, 252, 254, 255, 



257,260, 276, 288, 371. 

See also Bhaftotpala 
Uttara-kuru-varsa, 290 
Uttarayana, 60, 61, 65, 

176, 177, 180, 246 

Vagbhava correction, 299 
Vaidhrti, 40, 58-63 
Vak,24 

Vakra, 309, 334 
Vakyakarana, 26, 31, 49, 

52, 54, 77 
Vanijya (Vanija), 57 
Vara, xxvi, 5 
Varahamihira, Life 

and works, xxvii-xxix 
Varajnana, 288 
Varanasi, 51 
Varsa, 65 

Varsadhipa, 18, 19 
Varuna, 24 
Vasa, 24 
Vasanta, 65 
Vasisdia, 4, 265 
Vasisfha, Siddhanta, 

4, 5, 10, 13, 15, 30, 31, 

32, 39, 40, 152, 179, 184, 

196, 235, 312-53, Contents 

analysis, xxvi 
Vasis{ha-moon, 14, 32 
Vasis{ha-Paulisa, 184 
Vasi§tha-samasa- 

Siddhanta, 39- 
Vasis{ha-saihhita, x iii, 

xix, xxi 
Va{akanika, xxix 
Vatesvara, 60, 91, 261 
Vatesvara-Siddhanta, 23, 

52, 70 
Vayu, 24 
Veda, 24 

Vedanga-Jyotisa, 34, 59, 

62, 65, 74, 246, 247 
Venus, xxi, 307-9, 310 
Venus, ksepa of, 298; 
motion of 312-16, 362-63;- 
slghra of, 294-99 



Vijayanandi, xxi, 354, 355 
Vikrama, xxviii 
Vimardakala, 225-27, 

230-35 
Viskambha, 59, 246 
Vi§^u, 4 

Vi§nudharmottara, 5 
Vis{i (Bhadra) 57 
Vivahapafala, xxviii 
Vyatipata, 40, 58-63, 

244^46 
Vyatipata-vaidhrti, xxvii 

Weekday, 287 
Winter, solstice, 65 

Yajurveda, 246 
Yajusa-Jyotisa, 65 
Yak§yesvamedhika-yatra, 

xxix 
Yama, 24, 
Yamakoti, 290 
Yantras, 267-81 
Yasti, 269-70 
Yavana, 4, 289 
Yavanajataka, 289 
Yavanapura, 7, 9, 10, 26, 

32,33,51,52,53,54, 184, 

198, 288 
Yoga, xxvi, 5 
Yojana, 252 
Yojana-measure, 252 
Yogayatra, xxviii, xxix 
Yuan Chwang, xxviii 
Yuga, 8, 16, 290 
Yuga of five years, 241-42 
Yuga-cycles, 293 
Yuga-pada, 293 

Zamvad, 24 
Zodiac, 55 



Appendix VII 

Saka and Samvatsara, Time of Varahamihira, Reasons of falsification 
1 . Saka and Samvatsara 

Saka is considered related to Saka tribe or the Saka-dvTpa (continent) which surrounds or is adjacent to Jambu- 
dvTpa as per puranas. Another misconception is that it was started by Kusana (a branch of Saka-tribe) king 
Kaniska. This assumption has 3 fallacies-(a) As per RajataranginT of Kalhana, three Turkistan chieftains Huska, 
Juska, and Kaniska ruled from 1294 to 1234 BC. They were Buddhists, but they had not started any calendar.(b) 
Salivahana-Saka started in 78 AD long after period of Kaniska whose period is shifted by 1200 years to make it 
tally with this era. (c) Salivahana is not the only Saka- there are sakas in name of Yudhisthira starting on 17-12- 
3139 BC, Sudraka in 756 BC, SrTHarsa saka in 456 BC, Kalchuri or Chedi saka in 248 AD, and various local sa- 
kas started by local kings in Nepal (Newar in 889 AD, claimed unification in 1769 AD), Shivaji saka in 1673 AD, 
Kapilendra saka in Orissa 1426 etc. None of these kings are of Saka tribe. Even Siddhartha Buddha (1886-1805 
BC as per puranas) is called ' Sakyamuni though he was descendant of SuryavamsT Ramachandra, not of saka 
tribe. 

Similarly, only the following years are called 'Samvat- 
(a) Srsti (creation) samvat from which time planetary system of sun is moving in present manner as per Surya- 
siddhanta (about 198 crore years) 

(b) Parasuram-samvat, called Kollam (Ka/amba) in Kerala, starting in 6,177 BC. 

(c) /Ca//5a/77i/a/starting on 17/18-2-3102 BC (without counting AD), Ujjain mid-night. 

(d) Vikrama ( Vikramaditya of Paramara-Agni dynasty of Ujjain, 82 BC to 1 9 AD)- Sa/wa/starting in 57 BC. 

It is surprising that even the astronomers are now using these two words - saka and samvatsara- in same 
meaning due to ignoring our veda and puranas and depending on deliberately distorted and ignorant European 
books. Salivahana-Saka is frequently called as 'Saka -samvat' which has no meaning. It can be either 'Sakd or 
'samvat, and there are many other Saka, as per examples shown above. 

Otto Neugebauer in his book- 'Exact Sciences of Antiquity'(Harvard university,1957) has written that two sys- 
tems of calendar were simultaneously in use in Egypt- one was for mathematical purpose which tallied with sea- 
sons and the other for civil purpose which was simple to use. Only other reference to double system is 'ama/i 
(from ama/or rule of a king), and '/as3//(tallying with seasonal cycle of agriculture) in Persian language. 
To indicate year Vedas have used only ' samvatsara' whose short form is 'samvat. This is further shortened to san 
in Persian. Samvatsara has the following derivations and meanings- 

(i) Collection of seasons-' Samvasanti rtavah yasm/n- in which rtu (seasons) reside. This has two meanings. In 
the space of solar system there are 6 zones of varying energy-Zone number location Ahargana No.(radius of 
nth zone = earth radius x 2 n-3) 

Earth surtace 3 (2 layers within earth as image of solar system, galaxy) 

1 2 6 times earth 9 (sphere enclosing moon orbit) 

2 2 12 times earth 15 (sphere extending up to 60% of venus orbit) 

3 2 18 times earth 21sphere around sun, radius of 1000 sun diameter) 



4 2 24 times earth 27 (maitreya or savitrT mandala, 1 lakh sun diameter) 

5 2 30 times earth 33 (dyu or sky of solar system, 1 crore diameter) 

Energy (prana) of these 33 ahargana zones- 3 in earth and 30 outside- are 33 devata. In Indian scripts their signs 
are consonants from 'k' to 'h'. The scripts are thus a cM/(arrangement, city) of devas in symbols of letters- so it is 
called ' DevanagarT= Nagara (city) of devas. These 6 zones are called 6 ' Vasatkara '-each are further divided into 6 
ahargana spacing ( Satapatha Brahmana.Ml 72/21 ,11/2/2/5) Here, ahargana is count of zones of sun field. On 
earth it means count of days used for calculation of planetary positions from a fixed point of time. Outside earth, 
zone of sun extends up to 30 dhamas(Rk ved 1 0/1 89/3, Samveda 632, 1398, Atharva6/3M3 Yajurveda 3/8). Par- 
allel to 6 va§ai;kara in space, there are 6 seasons on earth, each extending to motion of sun in 2 signs (600 ). 

(ii) Curved motion- Pandit Madhusudan Ojha in his Brahma-Siddhanta ( Nepal granthmala, Banaras Hindu Univer- 
sity, 1963) has derived it from root verb 'tsarĔ= to move hidingly or in curve- Panini dhatupatha (1/373). It has three 
meanings-earth motion in its orbit is constantly changing direction, this is cause of change of seasons. Change of 
seasons in solar system or on earth surface is continuous, our marking of boundaries is arbitrary. 

(iii) Followed by a\\-Sam+vat+sarati, i.e. all move according to it. Thus all our activities accounts year, educational 
session, festivals etc. are based on samvatsara. In Jain tradition, anniversary is called Samavasarana. 

Saka word is used in astronomy books for calculation purpose. This is also used in Vedas but not in the 
meaning of year. This is formed of '^£/sa'(straw) whose derivations are- (i) kusa (Panini9/50)= to extract, test or 
conclude 

(ii) Kusor Kus (Panini 4/108) = to join, bind. 

(iii) Aty(earth) + subh (Panini 6133)= spread on earth or its beauty. 

(iv) Krsa (Panini AIW7) = to be thin or fine 
Saka has 3 root verbs- 

(\)Saka (PaniniA/16) = to withstand, tolerate. 

(ii) Saklr(Panini5l\6) = to have power, able 

(iii) Sach (Panini 1/723) = to combine. 

Thus a kusa (straw) is a thin line shaped object symbol of smallest and root number LCounting of bigger numbers 
is by adding it, the cumulative count is 'sakĔ. Countings are marked in the following manner- llll, llll, llll, llll, II 



After 4 kusa are collected, they are tied with the 5th kusa, thus making bundles of 5-5 kusas. By making bundle, 
'kussi becomes stronger, and is called saka (powerful).Thus total count of days (ahargana) is called saka, and the 
year system starting from a point is also called 'sakĔ. So in Mexico and Sumeria, historians have written that 
years were counted for thousands of years by adding a straw for each year to the bundle. This is only conceptual 
adding, otherwise straw will not last even for one year. For over thousands years even the social organizations or 
government will not survive to maintain this system. 

2. Time of Varahamihira 

Varahamihira and Kalidasa were among 9 jewels in court of Paramara king Vikramaditya of Ujjain (82 BC-19 AD) 
who started Vikrama samvata at Pasupatinatha in Nepal when king Avantivarman (103-33 BC) was ruling. But 



they have given their times in a saka, but that is calculated in saka started in 78 AD long after their death by 
Salivahana, grandson of Vikramaditya. He has indicated in Brhat-samhita (13/3) that he was using a sakaoi 612 
BC ( Yudhisthira saka 2526). In same Yudhisthira saka of 3138 BC, he has given his date of birth as 8-3-95 BC 
(saka, 3042, Chaitra suk/a 8) in Kutuhala-mahjari- 

=Ki^ftnk-fg^5T ^r^-^rPcr =#tt ^t^t-srp ?rPr t%-%^r-^r-t ( 3 ° ) hmwRJI ^mS^ wx ^ ^r^rrf^%i 3% 
^&cr^- ?j£r ^r^^MiR^^HK^ %^rf^r PtyJr =Ki^Pif^<l f%sft T%rreftf^: n 
^<i^ftf^<-ffcr?r%rr (^/3)- 

3rr^ w^; g^Rr: strtPt ^fsrfr$; ^Rfri ^-fir^-T^-f% (^ 1 ^) ^pr: m+mww ^twii 
He has indicated his birth in Kapitthaka and later life atAvantika, then under Vikramaditya- 
^TTff%f|T-ff^rra^, 3TSTPT ^-3TOfK- 

srrt^r^ra cfrrct^tth' ^sr: ^rf^cST% Ht%^T5spR3Rrre: i 
3jNPci'+l gPmciM=M~)<=M ^trtt; *rrct <=Ki^P)f^<) ^f%rf ^rii ^ii 

He has indicated start of north motion of sun from /Ua/rarasign in Brhat-samhita and equivalent yoga calculation in 
Pahcha-siddhantika 

^<I^Rf^<-ffcT ?r%rr ( V \ -R J-srrtwt^JT^TRwt t^hbi^hj 
^t ^Tf%^Tf%^ftrP ^TT#^II \ II 

-H I J-y d H ^ H ?rf%^: ^d+l^ ^iiRd^rr^TcTI ^rR^TRt f%fPr: ^rsrT^tsrMtrP: IR II 

= Earlier books stated south motion of sun from middle of Aslesa (113°20') and north motion from start of 
Dhanistha. Now, it is from start of Karka (90°) and Makara (270°) signs, which can be easily verified by observa- 
tion. 

^RWlPd+l, 3TSTTT 3 (TTpRT RWl-d)- 

3t%^tRr% t^crgrP ^Tst *rft% (f) i ^rR ^(*) -^mhicTi %^rr g^rr (^fr: strctn ^ ° n 

3TT^TT£rkRft?T5T Ptff%: f^ftwf%W^I ^Wt cRTSS7ftcT ^TTCTcTWt ^T%cT: IR ? II 

When sum of sun and moon sign/degrees is 360°, then it is Vaidhrti yoga-wben declination of sun and moon are 
same but in opposite directions (north-south). Adding 10 naksatras (133°20'), it is VyatTpata yoga, when sun-moon 
have same declination, but on opposite ends of ecliptic. That is possible only when south motion of sun started 
from middle of Aslesa (1 13°20') which now starts from Punarvasu (Karka sign starts with its fourth quarter, 90°). 
In his book Pahcha-siddhantika, he has taken reference year as 427 saka (185 BC)- ^T^PrsrrPcRT, sjwt \- 
?T7TTP&%? (V^) #T ?T^RRTTTFl %^J=MKll 
3TSrPcTpRT WRf> *ftRT t^TRT: II 6 II 

= On Saka 427, Chaitra sukla 1 start when sun was half set at Yavanapur, it was day of Saumya (mercury, sun of 
Soma= moon). Thebauthas changed Saumyaio Soma (Monday). S.B. Dixit made it Bhauma =Tuesday, sothat it 
tallies with counting from Salivahana-saka starting after death of Varahamihira in 78 AD. Yavanapura is assumed 
to be Romaka-pattana of Surya-siddhanta, 90° west from Ujjain. Sun is set from evening to sunrise, its middle 
point is midnight. When it is midnight there, it will be sunrise in Ujjain. 
This Saka started in year 2526 of Yudhisthira Saka. 
^<i^P)f^<-ffcr?r%rT(^/^)- 



3TRTT ^r^nij ^pR": srratt ^firf^: ^Tciti ^-f^-T^-f%(w^)^cT: m+mww wptii 

= Saptarsis (muni) were in Magha when Yudhisthira was ruling the world. To get 5a/ra of that king ( Yudhisthira), 
add 2526 (to current SaAa). 

Yudhisthira Saka started on day of his coronation 17-12-3139 BC. After 5 days, BhTsma expired at start of north 
motion of sun on 22 December. 36 years after that, Kali started on 17-2-3102 BC when Krsna left world. After fur- 
ther 36 years, Yudhisthira expired when Saptarsis left Magha after 100 year stay in that. Kota Venkatachalam 
takes that as start of Yudhisthira Saka and makes Saka of Varahamihira from 550 BC to tally it with Persian king 
Darius-assum\ng him to be the great Saka king. But it has been explained that Saka year has no link with tribe. 
Darius was not a Saka, nor he ever ruled India. Then it was Andhra-Satavahana rule, so he has called it Andhra- 
Satavahana Saka also. 

Calculation is being given for Saka of 612 BC and other assumed Saka as per Jagannath-Hora software of Nara- 
simha Rao- 

(1) 612 BC-Epoch 18-2-185 BC- Chaitra sukla 1 started on 18 at 10-10-24 hrs. But sunrise at Ujjain was at 7-6-39 
hrs. So date was 17-2-185 BC, Wednesday. 

(2) 550 BC of Darius -Epoch 5-3-124 BC- Chaitra sukla 1 from 6-44-24. Sunrise at 6-53-44 on 4 March, Thursday. 

(3) Vikrama Samvato\ 57 BC-This is samvat, not a Saka, still calculation is done for that as the different is not 
understood. Chaitra sukla 1 of 427 year on 4-3-371 AD at 2-13-54. Sunrise on 3 March Thursday at 6-51-51. 

(4) Salivahana Saka of 78 AD-(a) 427 current (gamya) year- Chaitra sukla 1 on 20-2-505, at 8-8-08 hrs. Sunday. 
As sunrise was at 7-0-22 hrs, Pratipada will be counted on next day-monday. 

(b) 427 lapsed (gata)- Chaitra sukla 1 on 1 1-3-506 at 3-14-54. Friday on 12, sunrise at 6-43-49 on 10th. 
Thus, the Sakacti Varahamihira does notfit with any otheryear except 612 BC. 

3 . Time 0f Brahmagupta-V\\s father Jisnugupta was a contemporary of Varahamihira and Kalidasa and has 
used the same Saka of 612 BC, calling it Chapa-Saka. His father was a famous man so Brahmagupta and others 
have frequently called him as son of Jisnugupta. Vatesvara has named only his father-for criticism. 

^r^ffen=r, mwfsr^R (\i\y 

sT^jtrP iJ^lhclH, ^dl+I^H W f%-#gcTR"l ari^STTTcT FJZ dP^uj^d W^R^TII 

f^T?ll*sWH$M srrf Pl^J,cn4) f^3T f^TTI 

cTW ?TTWTfsTf^r cTcfTSf ^u||R <*fdRd i II \ II 

P| isu^^^i ^ 3 §i\ | R.y f%: #EHT Tf| ^TcT: HH^-MHJ WTcft ^pTf5nT: ^^l4^dflfd"dl*-4jKi|:IRII 

^f%?i <l h ■*^f R ci \h cl 4h><*h ^ 1 1 R-y Rr: i 

f^ ^TRT: W$ Pl^clRcll: WTHTf ^T cTcT: Ff£:|IMI 
f%^^fTrf ^Tt>^dftc4W ^u^HH,- 

^T sl^jWc^l f%^cftrP ^rnf% tM^t^l^TP^- cTWT^fT^fTTpf^fct ^<+>K cTc{ ^nPTII \ 3 II 
^IHKIH Pl^cldlH ^lclMI^ <+>P|-JJIk1 ^TcTJ cTPT SIH<I<I ^MIcl^ *TT<r:|l ?*ll 
^^TWTTP^R^IPri »IIH><k3 TSTT:| Pl ^cl Hl tP ^T cTc^ R p cfts=q ^ II \ \\\ 
^ ^TTT ^WH/t^HI: <+><*Hlf^lci $dlK-MM WT^fr#f%u^ft =TRTt ^IMIM TSWTcTHJI \ \\\ 



SJT^Rltelu^lT %?ll<-d<41*l<H: ^d-kMl d<cfR J|Rld*ll*j 5TCf?fcf R^dH^ HIRMI 
HldlsRd WT Rw: ?K*fteH|-df*l<=ld"H ^JtPTJ HH^ (V3) M^MR^d^cl ^d^lll 3 \ II 
STTf f^R^SH*T<=M4k^M STTf R<4Hd fOTI R^dHMI f ^TTctt ^IMlR cTf WW-TII 3 ^ II 

^n^tm^rt^Twr^pnrpi *tiRh1 msRi s i sf*p=i % <d~l i ^ strn ^ n 

tt #?f tt hhh4> hptm #f ctstt st^r-Ti ttR <Rii^<4 t^^ctr 'Tt^Tcntt^T^ts^iiYo n 

^^TRrmW^Tttti ^T% ?TfFr f^f I fcRFT t^^ctt ^c^t?R% ^lRld^ll^j cTcTJI^ II 

■m^iiRR^ii:^ ?j^r sKRtct ^ti Ht wtr^ i «^i %f% 5 spf# gctt Ri : 11 vvn 
Ri^d^umj ^tw ^ t ?mcT ^i^mj aw^rg|?ft ^H&Hdi^iM 41^iiRii^ii 
u.+^R T%f% M^d"! ^tRct jHhmi^i thtt y)Tt>iR cTct: ^^^^^w^thtii^^ii 
His time is indicated at end of his book- 

sll^^dRWkd (^Yte-d)-*fhrm$Tf%?T% «fNrm^ ^JT ?l<=hd_HI | J||^l ^gT^ ^tW^TcT: H^Rcttt:!! 
3T^T: ^dRWkd: ^Sf<Wr%cT5Rt^TT%cT ^ttctl Rf?Ts^<T fcft Pl^dsl^^clHII 

Here, year of a king of Chapa-vamsa is followed who had started a saka. Gotra of BhTsma and Pandavas was 
Vyaghrapada of Vasistha line and a seer of Rgveda. Main king in their line whose year was being followed is 
called Vyaghramukha (i.e head of that line). That was one of the 4 /4p , /7/-i/a/7?sasjoining hand under king Sudraka 
at Mount Abu in 756 BC (Sudraka-saka). They were Chapahani, Pratihara, Paramara, Chalukya (So/anki, 
Sa/unkhe). In Chapahani clan, famous king Chahamana routed Assyria and its capital Nineve in 612 BC-which 
was marked by start of a saka. Thereafter, it was famous as Chauhana-the last king being Prithviraj Chauhan 
who was last independent king of Delhi. They were experts in archery or they were protectors of west border of 
India in shape of Chapa (bow) called Malva-like a garland (mala). So, they were called Chapahani. When Saras- 
vatTx\\iex dried up, Hastinapur was destroyed by Ganga floods and Pandava king Nichaksu-8 generations after 
Mahabharata had to shift to Kosambi. In same generation Parsvanatha (Jaina TTrthankara 23) was born in ruling 
family of Kashi. His sanyasa time is called Jaina- Yudhisthira-saka of 2634 BC. That was era of 1 00 years without 
rain (in Sarasvati "river region) when Chapahani kings protected west border and saved people from famine. That 
has been called incarnation of Sakambhariin Durga-saptasatT, chapter 11. So, Chauhans have been famous as 
belonging to Sakambhari. 
•hR^ ^m, yR^"T t# (V%)- 

TTcn%T^W% $ <+M<$«wfl R^ItH:! 3rfcj Rmt W^T^STRTdcTII^^II 
^H-^y^TT^TlWTcTT^IccllR Srf%TT:l 5RTHTTT%<fl ^ ^IM^iR^II^ || 
t^Mt^ cT^ ?Jf?ftssTcTf H hR<4K<+:|I^II 3T=FcT WT pf5| H R-hJdll 1*^11 
HM*HT ( •» A3)-RM$dRR??t HK<4I<I H<^1hR|: I <*|Rm< <^TT^TFTcFf *ippTJ| •» II 
iMH/llte^t ^ -IH<4lR4<|)HR: IR II 3F3T^t T**f RtsRTtWT <HHp<=ldH s ll 3 II 
SpRTt •TPT H$HI<Hl W 3TMcfiT^%l sTTW <TPT <W<ftRWFT ^RmIst^cTII^II 

R^JJ ^TW (^/^^)-3TcT: Tt 'HR^M^ ^HMI<-<=McfR^ iR II \ II TtW TTWWftqfct: Tttt^Tl-WltH ^M^^-M-^d^Hl-^T^T- 
#fTT-T^rc^TT: T^TT: 'HR^Pdll ^ II ^H^^-M-WlR ?ldl<tl<+l wRwRll ^ II TtS?|T M ItM-H^ IsS^^^tw ^HK^I^cll 1 ^ Rtttt-R^T- 
RttP-RtI-^Ri^T ?TT<T#T%?TKTcT-5rTH-sr#JT: TT R^TuiHc) l L f^R ll^ll ?ld l<tl<+K^Sr?rtt '*tRcTTIIMI cTTm^rfMtTTf^JT:ll % II 
3TTMtJTfWrf%^J:||V3ll ft J|*JMIH$d ^Rd H I Hj< ^TT^Tt R=lc<HlRll<ill 



^rf-?T7mcft- (? ^nf^wm^n^snm^f^\ H_f%i%: <i<c]cii ■g^^R^iM^lR^iii^^n 

cTcT: «TTT^Hluii fr<rf^lft ^<flni #rRwf% TTWT: ?Tcn"MW?r ^t cTcTII^II 
ddl^HsM H")^ lc-H^HH^:| HR^lR ?TTT: ?TT%TTf&: STFTOTT%:ll^<i II 
«TT^HTrR- f%wfit cT5T ^TTPTTRi ^l cT% ^ ^TĕTWT^" ^HIte^' H<4I*_<HJI^II 
RldR^ H^l+M (7TFfcT -iPsRI ^/^)-^f^TT: cT^TT H^ WTM cHH^MHI^ (R °^), 
H<f)$c-M W^dl*<t>: sFt^ft ^TTcT cPT^TT:! 

H£Ml4 $HI«4 '+4'=hl | j|+-=llRH:, 5t=T: ^TT^ wR^H^ ^fSrf^: 91% II 

^ft=^3, =TR"=^, *T°f =o, wtM =^>, (^) ff^TfTR (^3*) *T 3TRRT) % ^01313 <rrf, STSTTcT ^H I H^4 t $H I K<H ^T 
ipiTI 

^ddl-^R?: guf ^: ^ %5f H^Mi (R ? ^) ^ ^TTcT:, iTTT ^c?Rf STTcTT ^fsTf%T?T^T tl 
HjiN |4 $HI«4 +4'+l | Ji+=llRH:, ^TTcT: WH-=l<-clR^H R?i4) ^c?TT ^ll 

HTf -wr h"^r% <rf «rrr^r t% ?rf?ri H£Ni4 jhkw ^frf ^cpttt Rr^r: ii 

Jisnugupta at time of Vikramaditya is given by Varahamihira and Kalidasa- 

=KI^Rf^<- ff^TTcT^ FRrffsĕ3TFT:- 3TT5^T 

f%r^ (f%wij) TnjTsR- #<T ^=T FTPft RW<HST ^<T% | 

^TT^TT ^STRcT 3| H N f^c^T TTff^?Tcf : WT^ 3TĕTTcTTf || ^|| 

«tiR^H-^RR^miui-^w^^-^r^^NR^HuiH,- 

^t%?gf%?rt ^rr^rWN ^4)RR«ih<ui<*>mRott>tcTci; 11 n 

RshHl^ujHH^ =5f?f^Tf%f%^TTf%%W^ ^TTT^ W^RHRHd^T<ff<5l 
wrs^TT^RR-M ?rfct TRrt^ %f)RshHl4»_H<M<=K HHl4)<t II ^.^3 II 

H_HHHNi qf^wTf-?rff h_4IH<<R4R<^_<ti) m <sojf%i <h) t^h ^^f<wri 

3P%fH" *Tf% WTt SHTRffH^f ^TT^T RsPH^TR W^KtSJTT II ^.<i II 

^RsbHI^HHHR ^PcT^^ + Mcl^+^I^^H^ H4MI II II 
H«K-j||R-<y«l<-dK yHui+H^ra^l^^dMHdd^d^^+lRl^lHII 

^rrat =rriff?rf|T) ^ wmTĕntWt «k<?R-Ic| RshH^ n rr.^o n 

Grandfather of Brahmagupta was most famous king Amsuvarman (103-33 BC) of Nepal during whose time Vik- 
ramaditya had started his samvat at Pasupatinatha in 57 BC. Huensang has described Amsuvarman as a king 
famous for knowledge who had written a book on grammar. By calculating time of Amsuvarman from start of 
Harsavardhana rule (605-646 AD), his time is calculated after Huensang. Extract of 'Nepal chronology' by Kota 
Venkatachalam, 1953, Vijayawada. is given below- 
Nepal Kings- Gopala-vamsa-{\) Bhuktamanagata Gupta (4159-407 1 BC), 
AhTra-vamsa-l 'hree kings of India ruled for 200 years 
Kirata-vamsa-{M) Yalambara, 

(18) JitedastTHe died in Mahabharata war on Pandava side. This is also described in Kirata-parva under Vana- 
parvao>i Mahabharata and famous epic KiratarjunTyam of DandT. 7 kings ruled for 300 years (3437-3138 BC), 
Soma-vamsa-{A\) Nimisa, (42) Manaksa, (43) Kakavarman, (44-48)-Unknown, (49) Pasupreksa Deva-\n his pe- 



riod many persons came from India in 1867 BC (period of Buddha and MahavTra in Bihar). These 9 kings ruled for 
464 years (2319-1875 BC) , (52) Bhaskaravarman-He conquered India (some adjacent parts) and without any 
son. He adopted Aramana of Surya vamsawno became king in 1712 BC in name of Bhumivarman. SOrya vamsa- 
(53) Bhumivarman (1712-1645 BC), .. (83) Visvadevavarman (151-101 BC). After him his son-in-law became 
king. 

Thakuff-vamsa-{8A) Amsuvarman (101-33 BC)-Paramara king Vikramaditya of Ujjain came in 57 BC and started 
his Vikrama-samvat at Pasupatinatha from Chaitra sukla 1st. (85) Krtavarman (33 BC-54 AD), (86) BhTmarjuna 
(54-147 AD). 

Inscriptions-As V/krama samvatwas started in period oi Amsuvarman (101-33 BC), his earlier inscriptions are as- 
sumed in Sriharsa-saka (456 BC) which is wrongly related to Harsavardhana of Thaneswar (605-646 AD) who 
had never started any era as per his own writings or as per his biographer Banabhatta or Chinese traveller Huen- 
sang. Later inscriptions are in V/krama-samvat.- http ://indepigr.narod.ru/licchavi/content8 1 .htm 

(1) No. 69- Samvat 535-Sravana suk/a 7 (if it is in Sriharsa-saka of 456 BC, year will be 79 AD-long after his rule. 
Thus, reference is Chapa sakaoi 612 BC giving date of 77 BC-after start of Amsuvarman rule and before Vikrama 
-samvat.) 

(2) No. 76- Samvat 29- Jyestha sukla 10. (V/krama samvatnow onwards) 

(3) No. 17-SamvatZQ- Jyestha suk/a6. 

(4) No. 78- Samvat 31- Prathama (month name m\ss\ng-Pausa as per next inscription) parichamTtnat year had 
adh/ka month. 

(5) No. 79-Samvat3^-Dv/trya Pausa suk/a astaml 

(6) No. 80- Samvat3-\, Magha sukla 13. 

(7) No. 81-Sc?/Wc?/32, Asadha sukla 13. 

(8) No. 83- Samvat 2>A- Prathama Pausa sukla 2-year of extra month. 

(9) No. 84-Samvat36- Asadha suk/a 12. 

(10) No. 85- Samvat 37- Pha/guna suk/a 5. 

(11) No. 86- Samvat 39- Vaisakha sukla 10. 

(12) No. 87 '- Samvat A3-VyatTpata- Jyestha krsna (date missing). 

(13) No. 8§-Samvat45- Jyestha sukla (date missing) 

Jisnugupta has 2 inscriptions in which dates are missing. His coins have been found. One is shown on http:// 
en.wikipedia.org/wiki/Licchavi (kingdom) . 



Coppercoin of Jishnu Gupta (ca. AD 622-633) of the Nepalese Licchhavi Dynasty. Obverse. The inscription 
above the winged horse is SrTJisnu Guptasya. 

4. Reasons 0f Falsification — (1) Racial superiority war- After colonial rule of Europeans, only research in 
history is to show racial superiority of Greeko-Roman civilization whose successors were these countries-Britain, 
France etc. 

(2) Biblical date of creation-(http://en.wikipedia.org/wiki/James_Ussher)-James Ussher (sometimes spelled Usher) 
(4 January 1581 - 21 March 1656) was Church of Ireland Archbishop of Armagh and Primate of All Ireland be- 
tween 1625-56. He was a prolific scholar, who most famously published a chronology that purported to establish 
the time and date of the creation as the night preceding Sunday, 23 October 4004 BC, according to the proleptic 
Julian calendar. Till today, history of world is being fitted after that, though it is well known that earth was created 
about 4.5 billions years ago and current human species is at least 1 .5 million years old. 

(3) Deliberate post dating of Indian history-Declared aim of Boden chair at Oxford University in 1831 was to de- 
stroy Vedic culture so that Indians can be shown light of Christianity. For that, many distortions were done-(1) All 
kings who started a calendar were declared fictitious, though there are voluminous records of them. (2) Everything 
in Vedas or old literature was declared to be works of illiterates by persons who themselves were ignorant of those 
subjects. (3) All Indian texts are considered false. Though entire old history is solely from puranas, their chronol- 
ogy is arbitrarily changed. Only Indus valley inscriptions are considered authentic though they have not been read 
till today. 

(4) Greco-Roman tradition of forgery-Greco-Roman tradition of forgery of history to show cultural superiority has 
continued till Boden Chair declaration of Oxford in 1831 to destroy Vedic culture. Under tradition of slavery, it still 
continues by Indian devotees. One of the comments of Berosus can be seen on 
http://www.angelfire.com/nt/Gilgamesh/classic.html- 

Berosus derided the "Greek historians" who had so distorted the history of his country. He knew, for example, 
that it was not Semiramis who founded the city of Babylon, but he was himself the prisoner of his own environ- 
ment and cannot have known more about the history of his land than was known in Babylonia itself in the 4th cen- 
tury BC. 

(5) George Hulze, Epigrapher of Madras (now Chennai) in 1909, read in RajataranginT\ha\ 43rd Kashmir king Go- 
nanda (1440-1400 BC) became Bauddha due to which Bauddhas of central Asia destroyed his kingdom. This 
story was fitted to Maurya Ashoka (1472-1436 BC) and both shifted to 269 BC to fit his grandfather with Maegas- 
thenes. 

(6) Sewel, S.B. Dixit, Kielhorn studied all the Indian eras. But all insisted that Salivahana sakadi 78 AD was only 
saka and was linked with Kashmir king Kaniska of 1294-1234 BC. Thus, dates of all astronomers born much be- 
fore that were interpreted in that era only. 

(7) Abul Fazal had given date of start of Din-elahi in all earlier eras starting with Yudhisthira (17-12-3139 BC), 
Sriharsa (456 BC), Vikrama (57 BC) and Salivahana (78 AD). To destroy history, all these were declared fictitious 
after studying their calendars in detail. 

(8) William Jones changed date of AryabhatTya from 360 Kali to 3600 Kali which was obeyed by Sudhakara 



Dwivediio become Principal of Queen's Sanskrit college, Varanasi in his translation. But it was never explained 
why he chose the base year of start of kali in stead of at least 12 eras starting up to 3600 Kali. 

(9) There was more anger against Vikramaditya as he influenced west Asia and Roman empire by his di- 
rect rule upto Arab-His astrologers certified Jesus to be a great man, Jesus studied in India for 12 years 
termed as missing period, defeat and capture of Julius Caesar which led to his murder by Brutus, start of 
Julian and Hizra eras according to rules of Vikrama Samvat. 

) Calendar Committee report-part 3 (CSIR publication) also mentions that Vikrama samvat has influenced start of 
Julian calendar in 46 BC after delay of 7 days. He intended to start year from winter solstice, but people started 7 
days later with new moon. It is assumed that 7 days after winter solstice of 46 BC was new moon-actually it was 
full moon of Pausa after which Magha Krsna month started in Vikrama year 10 (lapsed). Vikrama samvat\s only 
luni solar year in world which month starts with dark half. All our texts of astronomy and puranas still calculate 
adhika-masa on basis of lunar month starting with bright half or new moon. To start a system opposed to general 
worldwide rule, it needs a powertul logic (shift of seasons by 45 days after start of kali) and a powertul king Vik- 
ramaditya who influenced India and Roman empire under Julius Caesar. That is why, no oriental scholar since 
British rule wants to admit existence of Vikramaditya and inserts fake stories in his name. 
It has also indicated that Hizra era started with start of Vikrama year 679. 

Quoted from History of the Calendar, by M.N. Saha and N. C. Lahiri (part C of the Report of The Calendar Re- 
forms Committee under Prof. M. N. Saha with Sri N.C. Lahiri as secretary in November 1952-Published by Council 
of Scientific & Industrial Research, Rafi Marg, New Delhi-1 10001, 1955, Second Edition 1992. 

Page, 168-last para-"Caesar wanted to start the new year on the 25th December, the winter solstice day. But 
people resisted that choice because a new moon was due on January 1, 45 BC. And some people considered that 
the new moon was lucky. Caesar had to go along with them in their desire to start the new reckoning on a tradi- 
tional lunar landmark." 

Importance of winter solstice was ancient and BhTsma Pitamaha departed on that very day in year 3139 BC-36 
years before death of SrTKrsna. Now that day is called Christmas, though it was intended to be new year day. It 
has been assumed that the start was from new moon day. Actually, it was from start of Magha month of Vikrama 
year 11 lapsed. Vikrama samvat is only year which starts with dark half-all other lunar years start from bright half 
starting with new moon. Strong following of Vikrama samvat, just 10 years after its inception in Rome against 
wishes of Caesar shows influence of Vikrama ditya. 

Page 180-"lt has been shown by Dr. Hashim Amir Ali of the Osmania University, Hyderabad, that the Moham- 
medan calendar was originally luni-solar in which intercalation was made when necessary, and not purely lunar. 

According to this view, proper intercalation was applied in all years where necessary up to A.H. 10 and conse- 
quently the year A.H. 1 1 which started on March 29, 632 A.D. 

(Footnote)-lnitial epoch of the Hejira era thus arrived at is the evening of March 19, 622 A.D., Friday, the day fol- 
lowing the vernal equinox." 

Thus, Hejira era also started with start of year in India-it was start of Vikrama year 679. Vedic ROOTS of pre- 
Islamic Arabia and the Kaaba 



The text of the crucial Vikramaditya inscription, found inscribed on a gold dish hung inside the Kaaba shrine in 
Mecca, is found recorded on page 315 of a volume known as 'Sayar-ul-Okul' treasured in the Makhtab-e-Sultania 
library in Istanbul, Turkey. Rendered in free English the inscription says: 

"Fortunate are those who were born (and lived) during king Vikram's reign. He was a noble, generous dutiful ruler, 
devoted to the welfare of his subjects. But at that time we Arabs, oblivious of God, were lost in sensual pleasures. 
Plotting and torture were rampant. The darkness of ignorance had enveloped our country. Like the lamb struggling 
for her life in the cruel paws of a wolf we Arabs were caught up in ignorance. The entire country was enveloped in 
a darkness so intense as on a new moon night. But the present dawn and pleasant sunshine of education is the 
result of the favour of the noble king Vikramaditya whose benevolent supervision did not lose sight of us- foreign- 
ers as we were. He spread his 

sacred religion amongst us and sent scholars whose brilliance shone like that of the sun from his country to ours. 

These scholars and preceptors through whose benevolence we were once again made cognizant of the presence 

of God, introduced to His sacred existence and put on the road of Truth, had come to our country to preach their 

religion and impart education at king Vikramaditya's behest." 
http://www.guardiansofdarkness.com/GoD/muslims.pdf 

(5) Defeat and capture of Caesar by Vikramadiya of Ujjain (82 BC-19 AD)- Defeat of Caesar is noted in many 
places, e.g. at 

http://www.heritage-history.com/www/heritage.php?Dir=wars&FileName=wars_romanpersian.php 
The first Roman contact with the Parthian Empire came during the Mithridatic Wars which lasted from 82 to 63 
B.C. The Kingdom of Pontus was an independent Kingdom that bordered on Parthian territory. By the third Mithi- 
datic War, the Romans pursued Mithridates and his ally, Tigranes, deep into Armenia, and conquered most of the 
Armenian Empire, including Syria and Judea for Rome. From this point on, the Eastern border of Rome's territory 
bordered on Parthia. Rome recognized that Parthia, far from being barbaric was a highly civilized country with rich 
booty. The lure of conquest was behind most of Rome's incursions into Parthian territory in the following centuries. 
Soon after Pompey had conquered Syria and Judea for Rome, Crassus, already one of the richest men in Rome, 
launched a campaign against Parthia in Mesopotamia. He was defeated however, with great slaughter at Carrhae 
(53 B.C.). Caesar was planning a campaign of retribution when he was assassinated so the task fell to his succes- 
sor in the east Mark Antony. 
www.livius.org/caa-can/caesar/caesar_t01.htm- 

In 75, Julius Caesar was captured by Cilician pirates, who infested the Mediterranean sea. The Romans had 
never sent a navy against them, because the ... 

Vikramaditya has become most hated by Oxford because his calendar is still followed for all festivals surviving 
attempts to change it. Jyotirvidabharana of Kalidasa has been declared fake as it describes arrest of Caesar by 
him. But 3 epics indicated here are not considered fake and studied widely-Raghuvamsa, Meghaduta, Ku- 
marasambhava. 



WrSST/TT^RR-M #HM^ %nRshHl£>iH<N<A <Hl4R II ^.V3 II 
•T^WIT Tf^WTf:- 

?Tff : ^I^^R^PK^Tl") f^jf^Tt^TfTT ^d«aH"<l^:| 
3p%ft *rt% ^ftSJRt?ffT3f T^Nt RshH-iH^ WFT?tSlft II II 
*Tc*Tt <KI?jRR<: ^d^HHIHI ^<NK<MUWfac*l$HI<Rf£|:| 

%iR*h i4. ih<h<hR ^tRct ^ m\n\: n n 

H<=K cllR- 

wcft 4<i?jRR<l itcT: ^nrnrt TsnRt t ^«Ri-R Rsf<tw ii ^.?o n 

?TWrf^3FTT- 

ST^t ^TPT ?TcTTR TTWSTTTSTTSTT: WTT F£: ^cHKU|l£+lfd^T5T: <H cH R^dl: *Tt3"?TI 
t^^lNPHdl^t^r^*TfTTcT«TT<4lf^Hl ^TT^HiiHI R*1-Md ^IRshJH: TTtstsT^: II ? 

4«1IKK?l41^MlR ^3% HKlR<+)fd?M <^|^M|H^dl^d' ^ H^RR^yi ^R^Rddl^l 

dl<=hMSNcty4 R^iRhI t^t wr^t ^t^j; tttw Rw^t^h R R^i ^ d ^rt srtbtYsn:: n n 
sii+^RHm- 

^HlR^^^STTcT^ ?TWTF?Rf f%?T: ?Tf^ ^TT ^T^TWTP^T^ ?TT^Tft%: fcTTI 

^Rs^sjg^TT yRRn ychmRu^n ^■hmh-^^hh RRdl %r$: <h«imh: ii rr.i^ ii 

RRtM^HUM^- 

^IH£R^+H<9J,<H?dld<flHM<hl, ^<Ms^l^^KN<Kil TTT^^STt^T: I 

TT^? y4«NRT'^fftafTFSJ + KI^|:, <hlHMl±^>H'-s;HI R^Hd ^fRsFTT^f fT: II II 




t, ^ttWT^TR-Hcn^dKd^RnTT: ^cTTR criTTT/T:! 
I^STWTts^ H <£H <-H ^T&m^ ^r^PTT^TT, ^HRshH^d iRiM^M I^I^^H I WR R . ^ II 

^rtM^TJT- 

^M^k^R-41 T^THJ^t TK\ H^I + MH^I-MtRnll 

w«rt%mnTw<f<TTtMl ^Rsh^i+T^Rnl ^c^R n ii 
*ft <i+h^iiRjhR' Nc«II i^t^t«rf^TT h^i^i 

3Tr^^rf^R-g#^^rft¥RshHl4.: <HH<H$|RshH: II II 

ctR*ft wRwrf^ft?> R<nhR <H<=)Rd<*Mmi 

?T^TFTfW#2WPT? «nf5 ^ %^pf || ^.^11 

?l*ghlRHR^d<=KI: WTTcT"T% ^IRR^: *T WT5T =Kl^f: I 

^Rsh^l^-iH^i^R HM^hslWIM^ 1H<H<s|l Rh^ <+ 1 Rk I <j : II ??„.l\ II 

<b\oWM ^R^^>T^^ cTcTt^ Rh^^R+4=IK:| 

^MtRR^I^^I + MRsTPT^TTW^n + IM^I^+Rd"! f| cTcTT «HJcT II ^.^o II 

^f : f%^^MIH<y«RR TWt (3068 Kali) <jR<Hci, *TT% WTSTT?tfy[% ^ R%ft TF«TT%^tWT:| 

HMI + MRsTFT?ll*5|J|Rd5lM' R<Hl<N l<*<l-^f TT^^-H-H |R)<1 RRdl ^41RR<i tftcT% II II 



(10) Result is that Indian students deny existence of all literature which they study for whole life and assume base- 
less things for which there is no reference or mention. All students of Sanskrit literature study Mrcchhakatikam of 
Sudraka, then tell that there is no reference of this king because he started Malava Sanwat in 756 BC. It contin- 
ued till SrT Harsa saka 456 BC which has been called 300 years of democracy by Megasthenes. After reading Nai- 
shasha-charita of SrT Harsa and NagavalT of Harsavardhana (605-646 AD) and Harsa-charita of Banabhatta, SrT 
Harsa is equated with Harsavardhana. Most study is of works by Nava-ratnas of Vikramaditya -Amara-kosa of 
Amara Simha, Jaina texts of Ksapanaka, Susruta-samhita of Dhanvantari, Brhat-samhita, Brhat-Jataka, Pahcha- 
siddhantika of Varahamihira, Raghuvamsa, Meghaduta, Kumara-sambhava of Kalidasa, present version of 
Puranas by Betala Bhatta, and survey by Sanku revived by Moghul king Akbar. Literature on Vikramaditya is next 
only to Rama and Krsna, but it is claimed that there is no mention about him. A fake Vikramaditya has been cre- 
ated in Chandragupta-2 of Gupta period, about him only half word has been found-'Chandra'-on Mehrauli iron pil- 
lar of Delhi. If it is assumed Chandragupta, then it could be one of 3 famous-1 in Maurya and 2 in Gupta period. 
But capital of all was at Patna, not at Delhi. Chandra only meant that it was to mark northernmost position of moon 
motion in 456 BC when SrT Harsa started his saka in 456 BC and Kutub-Minar made, called Pillar of Hercules by 
Megasthenes. 



